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ABSTRACT 
The Lower Mesopotamian fluvial plains crossed by the Tigris-
Euphrates Rivers are occupied by fresh-brackish water lakes 
and extensive reed marshes dominated by Phragmites sp. and 
Typha sp. (together locally called Ahwar). The main modern 
allochthonous sediment sources are: the Tigris and Euphrates 
seasonal floodwaters, together with aeolian dust and sand 
driven by storms from the western deserts and northwestern 
areas during summer. Other contributions to the sediment 
budget are made by autochthonous biochemical activity, and 
chemical processes within the sediments. The same sources 
and processes were responsible for sedimentation during 
older periods of Holocene as reflected in the examination of 
several borehole sequences in Lower Mesopotamia. 
The surface and subsurface sediments are dominantly silty 
with silt comprising about 55% of the sediment mainly as 
clayey-silt and clayey-sandy-silt; the remainder consists of 
varying quantities of clayey and sandy sediments. Clay is 
more abundant in the lower parts of the surface cores 
analysed (30-80 cm in length) and in the upper pedogenic 
fluvial-plain sediments of the borehole sequences in 
addition to the brackish/marine sediments of the Holocene 
Hammar Formation. Well developed stratification is found 
only on the surface sections of the river levees and in the 
clayey-rich sediments of the modern lakes and marshes. The 
remainder of the sediments of both surface and subsurface 
are generally poorly stratified with some irregular 
stratification and considerable bioturbation, particularly 
in shelly horizons. 
Mineralogically, the sediments of the Ahwar consist of 
calcite, quartz, dolomite and feldspar (particularly 
albite) . Aragonite is present as a result of "in situ" 
production by macrofauna. Some authigenic dolomite and Mg-
calcite are detected in specific playa and brackish/marine 
units which may be accompanied by other minerals such as 
gypsum and palygorskite clays, particularly in the 
evaporitic sediments. Smectite, illite, palygorskite, 
kaolinite and chlorite are the main clay minerals present 
and those are mostly detrital in origin. Palygorskite is the 
most interesting clay mineral present. It is both detrital 
and authigenic in origin. The formation of authigenic 
palygorskite reflects an alkaline, Mg-rich and relatively 
saline environment found accompanying arid climatological 
conditions. It is usually found associated with authigenic 
dolomite and gypsum. Detrital palygorskite is here reported 
in the suspended sediments of the Tigris-Euphrates rivers of 
this area for the first time. 
The calcium carbonate content of the Ahwar sediments varies 
from 20-80%. The latter high values are only found in 
skeletal-rich horizons of the near-surface and subsurface 
sediments. The inorganic geochemistry of the sediments 
reflects their high calcium carbonate content. The values of 
most of the analysed elements were within the limits of 
standard mudrocks except for Ni and Cr which are 
surprisingly high, persumably mainly due to the high 
contents of these elements in the suspended materials of the 
major rivers and of the aeolian deposits. 
The total organic content of the sediments is usually < 5% 
TOC . Organic-rich horizons (of > 5% TOC) are mainly 
restricted to the upper surface layers of the surface 
sections and at some specific depths of a few borehole 
sections. The latter has been proved to be an ancient Ahwar 
(lake/marsh) sedimentary unit. The preservation of the 
organic matter has mainly taken place during the mid-
Holocene transgression and particularly along the 
depositional axis areas of the main Mesopotamian Basin. 
Pyrolysis, gas chromatography and petrography of the organic 
matter have revealed that many reed-originated biomarkers 
were present in the gas chromatograms which supported the 
conclusions from the petrographic analysis of organic matter 
indicating that reeds were the main source of this material 
in both ancient and present times. Peat is not forming at 
the present time in most parts of the area studied, except 
in some limited northwestern parts such as Lake Zechri and 
surrounded marshes. 
The examination of the fauna revealed the dominance of 
aragonitic molluscs of various species, in addition to some 
calcareous microfauna mainly as foraminifers and ostracods. 
The dominant species of the latter two were Ammonia beccarii 
and Cyperidles torosa respectively. These two species 
indicated the influence of the sea in the area as various 
brackish/marine coastal environments. 
Both surface and subsurface sequences have been subdivided 
into various sedimentary units. The units have been proved 
useful for regional correlation; particularly the three 
surface units (i.e. upper organic-rich, intermediate shelly 
and lower clayey brackish/marine units), while the five 
borehole units (i.e. modern fluvial-plain/Ahwar, older 
brackish/marine, ancient lake/marsh, ancient playa and 
ancient fluvial/gypcretes units) proved to be correlated 
throughout Lower Mesopotamia. These sedimentary units have 
been differentiated geochemically for both surface and 
subsurface sections using a multivariate statistical package 
(MVSP). 
The reconstruction of the Holocene geological history and 
the calculation of the sedimentation rates have been made 
using and ^^ "^ Cs dates of subsurface peats, near-surface 
shelly sediments, and the upper 20 cm of the surface 
sections respectively. Sea-level fluctuation during the 
Holocene has been the main factor in the evolution of the 
deltaic area with climatological changes, local neotectonics 
and differential sedimentation rates during Holocene might 
be additional factors. 
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CHAPTER 1 
INTRODUCTION 
1.1 Preface 
This Ph.D. research project is the first project between 
the Department of Geology, Imperial College, U.K. and the 
Marine Science Centre, Basrah University, Iraq. 
The study is concerned with Quaternary deposits of Iraq 
in general, and with the Recent surface sediments of the 
lakes and marshes (i.e. Ahwar) and the Holocene of 
southern Mesopotamia - the Tigris-Euphrates Delta - in 
particular. 
1.2 Physiography And General Structure Of Iraq 
Physiographic classifications have been proposed for the 
relief of Iraq (e.g. Buringh, 1960; Al-Tai, 1969; Berry 
et al. 1970) . The most recent analysis is that of Al-
Azzawi (1986) who divided the territory of Iraq into 
three main physiographic zones (Fig. 1.1) namely: the 
mountainous region, a desert platform, and the 
Mesopotamian plain (subdivided into upper and lower 
subzones) . The rocks of the first two divisions are 
mostly Pre-Quaternary in age, whereas the Mesopotamian 
plain is comprised mainly of Quaternary fluvial 
sediments. 
A correlation between the various physiographic units, 
the geological map (Fig. 1.2) and the structure of the 
area reveals that the physiography is tectonically 
controlled (Buday and Jassim, 1987). The Zagros 
mountains, to the northeast consist of parallel ridges of 
folded Palaeozoic, Mesozoic and Cainozoic carbonates with 
a nappe of Palaeozoic metamorphosed rocks along the 
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Azzawi, 1986). 
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25 
Iranian border. The lower gently folded mountains (i.e. 
foothill zone) and the northwestern desert are covered by 
Miocene and Pliocene coarse detrital sediments (Van 
Bellen et al. 1959) with some older Mesozoic and 
Palaeozoic outcrops in the Ga'ara area to the far west 
(Buday, 1980); while the southwestern desert is underlain 
by Miocene limestone and Pliocene-Pleistocene detrital 
sediments (Al-Naqib, 1967). The Mesopotamian plain is 
underlain by Quaternary fluvio-deltaic sediments (Tyrack, 
1980). 
1.3 General Stratigraphy 
The earliest geological work in Iraq was carried out 
during the early part of the last century (e.g. 
Ainsworth, 1838) but systematic studies only began in the 
early nineteen thirties, particularly after the discovery 
of petroleum in Mesopotamia. During the last sixty years 
many regional, surface and subsurface, geological 
investigations have been carried out over the whole 
territory (e.g. Van Bellen et al., 1959; Buday, 1980). 
Knowledge the Palaeozoic of Iraq is rather incomplete 
because surface sections of N and NE Iraq occur in a very 
limited thrust zone, a highly folded zone (i.e. mountains 
limited to the borders with Iran and Turkey) and in the 
restricted area of the western desert (i.e. Ga'ara). On 
the other hand, the Mesozoic and Tertiary have been 
studied in much more detail in many surface sections in 
both the highly and gently folded zones (i.e. northern 
Iraq) , in the western desert, and also in hundreds of 
deep boreholes (drilled across almost the whole country 
mainly for oil exploration purposes). The Quaternary has 
been the most neglected part of the geological column. 
1.4 The Quaternary Deposits Of The Mesopotamian Plains 
Detailed stratigraphic and sedimentological studies of 
the Quaternary have been long neglected until recently 
despite some excellent early pioneering work by Beke 
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(1835) and Ainsworth (1838). Quaternary sediments cover 
more than one third of the surface area of Iraq, mostly 
in the Mesopotamian plain, which is composed of 
fluviatile, lacustrine, deltaic, and aeolian sediments 
which replace each other both horizontally and vertically 
(Parsons, 1957) with no exposure of older bedrock. The 
margins of the plain are fluvial gravels and large 
outwash fans bordering the foothills of the Zagros east 
of Amara, and aeolian sands to the south west (Ya'acoub 
et al. 1981; Sanlaville, 1989; Baltzer and Purser, 1990). 
The thickness of the Quaternary in the Mesopotamian plain 
may reach 150-200 m (Tyrack, 1980). The upper part of the 
sequence is very monotonous lithologically, being 
composed of fluviatile flood-silts with an admixed 
aeolian component (Philip, 1969; Kukal and Sa'adalla, 
1973) . It is very difficult to differentiate the 
Quaternary from the Pre-Quaternary deposits 
palaeontologically (Raji and Salman, 1983). However, the 
boundary is usually taken to be the change from 
unconsolidated sediments to the pebbly sandstone of the 
Dibddiba or Upper Fars Formations (Van Bellen et al. 
1959; Al-Naqib, 1967; Al-Siddiki, 1978). The presence of 
Holocene marine and brackish sediments had been proven 
only as far landward as Amara (in the south-east 
Mesopotamia) and a little to the north of Nasiriyya (in 
the south west) by many workers (e.g. Lees and Falcon, 
1952; Hudson, et al. 1957; Dance and Eames, 1966, 
Ya'acoub et al, 1981, Al-Azzawi, 1986). 
1.5 The Tigris-Euphrates Delta: Holocene Geological 
History And Literature Review 
The Tigris-Euphrates delta region is located in the 
southeastern part of the Mesopotamian plain and extends 
NW about 20 0 km from the present shoreline of the Arabian 
Gulf to a line between Amara and Nasiriyya (Larsen & 
Evans, 1978; Ya'acoub et al, 1981; Sanlaville, 1989). The 
delta lies between the mobile Zagros orogenic belt (Hayes 
and McQuillan, 1974; Vita-Finzi, 1979) to the northeast 
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and the stable Arabian shield to the southwest (Audley-
Charles et al. 1977) . It is affected by syn-sedimentary 
tectonic movements (Lees and Falcon, 1952; Mitchell, 
1957; Al-Sakini, 1986 a & b) . This arid delta of the 
Tigris-Euphrates Rivers is an important depositional 
complex in the Mesopotamian foreland basin (Baltzer and 
Purser, 1990; Aqrawi and Evans, 1990 & 1991). It can be 
classified (Baltzer and Purser, 1990; Aqrawi and Evans, 
1990) into several modern hydromorphS-ogical and 
sedimentary environments (Fig. 1.3). Also, it appears to 
be the only modern delta opening into a hypersaline, 
semiclosed marine basin bordered by a desert (Gunatilaka, 
1986) . Compared with other major deltas of the world, 
there is very limited published research on the Tigris-
Euphrates . The earliest geological work in Iraq which 
dealt with the delta was that of DeMorgan (1900) and 
Lloyd (1949) who suggested that there had been a marine 
gulf which extended from the Arabian Gulf across the 
hinterland of the Mesopotamian plain to at least 200 km 
north of today's shoreline. Lees and Falcon (1952) 
demonstrated that the Tigris-Euphrates Delta had grown 
very little during the previous 85 years. They based 
their claim mainly upon geographical and geomorphological 
criteria. They also related the creation of the Ahwar 
(i.e. shallow lakes and marshes) to tectonic effects 
coupled with historical floods which had taken place over 
the last few thousand years. The presence of 
brackish/marine deposits (i.e. Hammar Formation) within 
the Holocene succession of southern Mesopotamia which was 
later also discussed by other workers (e.g. Hudson et al. 
1957; Macfadyen and Vita-Finzi, 1978) was interpreted by 
Lees & Falcon (1952) as having been produced by marine 
incursions into the plain due to tectonic movements. 
However, as pointed out by Evans (1988), compactional 
subsidence of fluvio-deltaic sediments can locally 
produce such drowning effects similar to the tectonic 
subsidence when river mouths alter their points of 
debouchment. Furthermore there appears to be no evidence 
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that there has been actual tectonic subsidence in the 
area- at least not over the last about 10,000 years 
(Larsen and Evans, 1978). 
De Morgan's (1900) suggestion of the transgression of the 
Gulf northward has been revived in the seventies and 
later(e.g. Larsen, 1975; Larsen and Evans, 1978/ Ya'acoub 
et al., 1981; Purser et al., 1982; Al-Zamel, 1983; Al-
Azzawi, 1986; Sanlaville,1989; Baltzer and Purser, 1990; 
'Y Aqrawi, 1993b). The latter workers disscusted the marine 
transgression in southern Mesopotamia using geological 
and sedimentological criteria. However, more geological 
work, particularly sedimentological and palaeontological, 
is required to determine the evolution of the plains of 
Mesopotamia. Also, more radiometric dates of both surface 
and Holocene sediments of the delta region and 
Mesopotamian plain are required to support the studies• 
The offshore and southwestern areas of the Gulf have been 
the main subject of research over the last three decades 
(e.g. Evans et al. 1969; Purser, 1973; Stoffers and Ross, 
1979). The sharp facies change in Kuwait Bay from 
carbonate-rich deposits in the southwest parts of the 
Gulf to the siliciclastic-rich deposits in the north and 
northwest (Khalaf and Ala, 1980; Aqrawi and Sadooni, 
1987a; Evans, 1988) makes the northern region an 
interesting target for research. Most of the recent work 
was limited to the northwestern shorelines of the Arabian 
Gulf either in Kuwait (e.g. Picha, 1979; Khalaf et al. 
1984; Gunatilaka et al. 1987) or in Iraq (e.g. Kukal and 
Sa'adalla, 1973; Aqrawi and Darmoian, 1986, 1988; Aqrawi 
and Sadooni 1987a & b, 1988; Aqrawi, 1989a, 1993a&b). 
Further inland, some useful studies of the delta region 
have been made by soil scientists (Buringh, 1960; Al-Rawi 
et al. 1969; Kassim et al., 1989). Sedimentological 
research dealing with the load of the Tigris-Euphrates 
was carried out by Philip (1968) and Berry et al. (1970). 
Later work includes that of Rzoska (1980), Ya'acoub, et 
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al. (1981), Abdulla (1982), Al-Azzawi (1986), Sanlaville 
(1989), Baltzer and Purser (1990) and Aqrawi (1993 a & 
b) . 
The Quaternary sediments of the Mesopotamian plain need 
further,more detailed, stratigraphic and sedimentological 
studies not only for academic research but because these 
sediments are the main aquifers for shallow ground-water 
reserves, as well as being important for the brick 
industries and agriculture in Iraq. 
1.6 The Purpose Of The Study 
This study of the Holocene sediments of the Mesopotamian 
plains,it is hoped, will contribute to keep in the 
completion of the picture of the pattern of sedimentation 
of the Arabian Gulf, a most interesting Recent carbonate 
dominated foreland basin. The study is an attempt to 
contribute to the understanding of the modern 
sedimentation of the area and reconstruct the Holocene 
geological history of the delta plains in general and 
particularly in its southern reaches. Also, from a more 
general point of view an attempt has made to present a 
model of sedimentation of fresh-brackish lacustrine 
sediments in an arid deltaic settings of a marginal 
foreland basin. 
1.7 Area Of Study ( The Ahwar ) 
The lower Mesopotamian plain is a flat, broad area 
covered by shallow fresh-brackish water lakes (usually 
<3m deep) which are surrounded by extensive vegetated 
marshes, together these are locally called "Ahwar" in 
Arabic, (Fig. 1.4) . The low altitude of the area in 
general, which is sometimes below sea-level, makes it 
prone to extensive flooding at spring time (March to June 
but mainly in April) due to snow melting in the highlands 
of Kurdistan in both Turkey and Iran (Fig. 1.5) . Two 
freshwater lakes (Lake Zechri and Lake Baghdad) and the 
main large brackish-water Lake Hammar with the 
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Fig. 1.5 LandSat image showing the location of the area 
of study in a foreland basin between the mobile Zagros 
mountain belt to the north-east and the stable Arabian 
craton to the south-west. 
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surrounding marshes and other subenvironments have been 
chosen for this study. The area of study has been 
subdivided into several subenvironments (Fig. 1.3) using 
modern LandSat images aerial photographs, topographical 
and geological maps, and also taking into consideration 
former classifications proposed by Ya'acoub et al., 
(1981); Al-Azzawi (1986) ; Sanlaville, 1989 and Baltzer 
and Purser (1990) . 
1.7.1 Tectonic setting of the Ahwar 
The study area is located within the eastern stable shelf 
of the Arabian Platform (Fig. 1.6). The cover rocks dip 
1-2° towards the northeast (Buday, 1980). It is bordered 
by the Zagros mountains belt to the northeast, which 
forms a part of the Alpine-Himalayan chain and which has 
resulted from continental collision during late 
Cretaceous to Miocene times (Kamen-Kaye, 1970; Murris, 
1980) . This suture zone is a consequence of subduction 
and closure of the Tethys ocean (Haynes and McQuilan, 
1974) . 
The main structural features to the south and southwest 
of the studied area (i.e. within the stable shelf) are 
believed to have resulted from epeirogenic movements 
(Kassler, 1973; Gunatilaka, 1986) as it is believed for 
other areas such as northern Iraq (Ameen, 1991 & 1992) . 
They trend mainly north-northwest (e.g. the oil 
anticlines of Rumaila, Zubair, etc in Iraq and Burgan 
Sabbiyah, Raodhatain etc in Kuwait). They have been 
produced mainly by salt tectonism (Murris, 1980) or as 
growth folds which began to form during the Jurassic and 
continued to develop until the late Tertiary (Kamen-Kaye, 
1970; Behbehani, 1980) and are probably moving today 
(e.g. Al-Sakini, 1986b; Aqrawi, 1993b). The interaction 
of the Zagros mountains and the Arabian folds is 
reflected in the submarine topography of the Arabian Gulf 
(Kassler, 1973) , on the southern borders of the area of 
study. 
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1.7.2 The Ahwar: geography and classification 
The Ahwar of the Mesopotamian plains may be divided into 
three main types according to their geographical 
situation and relation to the Tigris and Euphrates rivers 
(e.g. Al-Khattab, 1967). These are: 
1. Ahwar Al-Huwaiza: located to the east of the Tigris 
river south of Amara; this is called the Suziana Marshes. 
2. Ahwar of Middle Euphrates: located between the Tigris 
and Euphrates rivers south and south east of Baghdad. 
3. Ahwar Al-Hammar: located to the south of the Euphrates 
river southeast of Nasiriyya toward Basrah, these are 
called the Chaledonian Marshes. 
The third type (i.e. Lake Hammar and the surrounding sub-
environments, including the freshwater lakes Zechri and 
Baghdad) is the main subject of this study (Fig. 1.3) . 
These have been chosen because Hammar is the biggest lake 
in the area (about 2500 km^) and is subjected to both the 
tidal effects of the Arabian Gulf via the Shatt Al-Arab 
and fluvial influences of the Euphrates River, in 
addition to the aeolian contributions from the western 
desert. Lake Zechri and Lake Baghdad are the nearest 
freshwater lakes to Lake Hammar. Also, this region is 
close to Basrah City, where the Marine Science Centre is 
located. This facilitated field work and processing of 
the collected samples. 
1.7.3. Hydrology and climatology 
Abdulla (1982) divided the Ahwar Al-Hammar into three 
zones depending upon water discharges supplied by the 
rivers: 
a. Lake Hammar: the permanent water area. 
b. Hammar marshes: semipermanent water covered only 
during flood season. 
c. Frequently flooded Hammar marshes: areas developed 
only during exceptional flood years in the flood season 
between April and July. 
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The water level in Lake Hammar rises during flood seasons 
from about 0. 7m to 2m according to the levels of the 
rains and snow melting in the source area of the 
Euphrates river since this river is the main source of 
Lake Hammar. The seasonal fluctuations in the water of 
the Ahwar is low in ordinary years ( e. g. few decimeters 
in the centre of Lake Hammar. However, this is still 
sufficient for it to cover wide areas surrounding the 
lake because of the flatness of the terrain (Ya'acoub et 
al. 1981). This is obviously important in the 
development of the extensive Phragmites sp. and Typha sp. 
reed beds. In the northeastern parts, the Tigris river 
may supply some water via a network of channels from the 
northern freshwater Ahwar (e.g. Lake Baghdad and Lake 
Zechri) and this water may be carried even further to the 
south. The main outflow from Lake Hammar is via Garmat 
Ali. The surface of the lake bottom is at or even lower 
than sea level except near the Qurnah where it is about 
2.5m above sea-level (Al-Khattab 1967) and some of the 
western marginal areas (Aqrawi, 1993b). However, the 
water level of Lake Hammar rises and falls with the tides 
(due to connection via the Shatt Al-Arab) but the lake is 
beyond the limit of salt-water influence. 
The climate of the Ahwar is characterized by a long 
summer season (usually from the end of April to the end 
of October) and a very short winter (mainly December and 
January). The Ahwar has a desert climate because of its 
location close to the southwestern deserts of Iraq. The 
high-humidity southeasterly winds of the Arabian Gulf 
(locally called Kouz or Sharji) are the main source of 
rain in the area (Al-Khattab, 1972) . Generally, the 
annual mean rainfall does not exceed 200 mm/year, and the 
maximum mean monthly rainfall which occurs in December is 
about 400 mm/month. The total number of rainy days in the 
area during a year is about 40 (Abdulla, 1982). The mean 
monthly averages of rainfall, relative humidity, pressure 
and temperature of Nasiriyya, Basrah and Amara 
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meteorological stations are summarized in Figure (1.7) 
More details of the hydrology and climatology of southern 
Mesopotamia can be found in Asa'ad et al (1986 a & b) , 
and both Tailing (1980) and Al-Azzawi (1986) 
respectively. 
1.7.4 Anthropogenic effects 
At the end of the 1970s, because of the new oil field 
explorations and the development of extensive petroleum 
industries in the area, many canals, dykes and artificial 
dams were constructed within the Ahwar. This has 
separated some marshes and lake areas from their main 
water sources, and has also affected their biological 
integrity as well as changing the patterns of 
sedimentation. Also, this has resulted in the drying out 
of the Ahwar in some areas. These areas appear 
morphologically as shallow depressions with black and 
dark grey or reddish soils of sandy-clayey-silt texture 
down to about 0.2 m depth. Some of these have been 
reclaimed for agricultural purposes. On the southwestern 
side of Lake Hammar there is a dried saline area (Kuraiz 
al-Meleh - st. 21 in Fig, 1.3) and a small more limited 
dried lake (Horat Luqait - st. 15 and 20 in Fig. 1.3) . 
Both are covered by salt and extend as sabkhas to the 
south. These areas have been invaded by desert sand dunes 
in the west (Fig. 1.8) . It is believed that the Kuraiz 
Al-Melih area (surrounding St. 21) has been cut off from 
the larger body of Lake Hammar by narrow sand barriers 
which it was been claimed are old Euphrates River levees 
(Ya'acoub et al, 1981; Al-Azzawi 1986; Baltzer and 
Purser, 1990). 
1.7.5 Chemistry of the Awhar water 
Measurement of some water characters of the lakes was 
carried out during the sediment sampling on both field 
excursions (Table 1.1) . The measurements in the two main 
seasons showed differences in salinity and pH between 
fresh and brackish water lakes on the one hand and within 
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Fig. 1.8 Typical aeolian barchan dunes advancing into 
the Ahwar. These are very characteristic of the 
southwestern margins of the study area, particularly west 
of Lake Hammar. 
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Table 1.1: Characteristics of the Ahwar water bodies 
Lake 
SALINITY 
pH 
TEMP ERATURE The 
Main 
Source 
Winter Slimmer Winter Summer 
A- Freshwater 
(ie Lake 
Baghdad and 
Lake Zechri) 
< 1%0 1.5 -
2%,, 
7 - 8 13°C 30 °C Tigris 
River 
B- Brackish 
Water (ie Lake 
Ham mar) 
L Inlet Area 
from the River 
Euphrates 
<5%o >10%m 8 -9 14.5°C 31°C Euphrates 
River 
2. Outlet Area 
to Shatt Al-Arab 
< lO%0 >15%W 16.5°C 33°C " 
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the large brackish-water lake on the other. The high 
fluctuation in the salinity and temperature in different 
seasons are obviously related to variations in the air 
temperature and the river discharges. 
1.8 Field Work 
1.8.1 The field excursions 
Field work was carried out during two main field 
excursions (25/12/89 - 11/1/90 and 6/6/90 - 27/7/90). 
The first was with Dr G. Evans and some of the Marine 
Science Centre staff members when a series of cores and 
water samples were collected from stations 1-5 (Fig. 
1.3). A further field study was made by the author alone 
after three months of study and analysis of the data and 
samples collected during the first field trip. No further 
field work was possible because of official problems and 
the Gulf crisis. 
1.8.2 Location of stations 
Compass bearings on known objects was used to locate the 
various stations. The accuracy of the position is in the 
range of (0.2 - 0.3 km) . Local boats (such as mashof and 
mator) were used together with local guides to reach the 
open lake stations via the channel networks of the 
heavily vegetated marshes. 
1.9 Materials Collected 
The main material collected was short cores of 30-80 cm 
length (from stations 1 to 16) , at least one core was 
collected from each station and sometimes up to five, 
(Fig. 1.3). Plastic irrigation tubes were driven into the 
sediments using a hammer and a wooden slab. They were 
extracted by hand using a steel handle made by utilizing 
irrigation pipe fittings. A total of 41 short cores were 
collected. The cores were kept vertical, the overlying 
water was carefully drained by drilling a small hole in 
the tube and the cores sealed by wax on the top 
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immediately afterwards (Fig. 1.9). The bottom was covered 
by nylon bags or suitable plastic caps. The tops and 
bottoms were bound with adhesive nylon tape after 
cleaning and stored vertically in a cool place until 
shipped to Imperial College-London, U.K. 
Surface sediments (2-3 cm) of the lake floors were 
collected using a Van Veen grab sampler (stations 7, 9, 
11, 3-2, 13, 14, 15 and 16) . These were kept in a cool 
place after mixing a part of each sample in the field 
with pure alcohol for the purpose of examining the 
microbiota. Other sediment samples were collected from 
recently dug drainage channels and pits (stations 17 to 
21) . Also several collections of macro-molluscs were made 
from five locations including lake margins, marshes, 
river levee, and dried lake parts (stations 3, 8, 14, 18 
and 19) . 
Samples were also collected from what appears to be the 
main sediments sources (i.e. fluvial and aeolian). 
Fluvial suspended sediments of the Tigris and Euphrates 
Rivers were collected from 20 km north of Qurna town and 
from Nasiriyya City respectively. More than 50 litres of 
water was collected from a mid-river position and 
concentrated by decantation into one litre to obtain the 
settled suspended particulate matter. Samples of dust 
fall-out were collected from the City of Basrah and 
Qurnah town. Clean, large sheets of cloth were spread out 
and used as dust traps on the flat roofs of a high 
building in Basrah and Qurnah. Also dune sand (from the 
sand dunes) and mobile sand (from the highways) were 
collected from the south west of the area. 
Finally, in order to understand the Holocene geological 
history, more than 140 samples were obtained from 8 
shallow boreholes (A to H in Fig. 1.3) drilled by the 
Geological Survey of Iraq, 1979-1980. These samples were 
kindly made available to the writer by this authority. 
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Fig. 1.9 Core-sampling (a) and sealing (b) in the field. 
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CHAPTER 2 
ANALYTICAL TECHNIQUES 
Various analytical techniques have been employed to study 
the Recent surface sediments of the Ahwar and earlier 
Holocene sediments of several boreholes of Lower 
Mesopotamia. These are discussed below: 
2.1 Petrography 
Petrographic studies of many selected whole-sediment 
samples and some of individual sand fraction were made 
using transmitted and reflected optical microscopy, and 
scanning electron microscopy (SEM). 
2.1.1 Optical petrography: 
Thin sections of selected sediment-samples were made by 
impregnation of blocks with Alizarin blue-dyed araldite 
in a vacuum oven at 40°C temperature. This allowed the 
preparation of high quality thin-sections of friable 
sediments, using Logitech multi-unit equipment. Grain 
size, shape and sorting were determined for selected sand 
fractions, in addition to their main mineralogical 
contents based on the optical characters of their grains 
(Kerr, 1974; Scholle, 1979). 
2.1.2 Scanning electron microscopy (SEM) 
Two different modes of SEM were used to analyse samples 
according to the way in which the electron beam interacts 
with the specimen in addition to the microprobe analysis 
of some selected thin sections for special mineralogical 
and geochemical purposes. The modes are namely: (a) 
Emissive mode (of both secondary and backscattered 
images), and (b) the X-ray analytical mode. Hitatchi S-
2500 and JEOL 733 models electron microscopes were used. 
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2.1.2.1 Emissive mode: 
Two types of the scattered electrons are produced by the 
interaction of an electron beam with a specimen. These 
are: a) low energy (< 50 ev), produced by elastic 
interactions in the top 50-500 of the specimen; and b) 
higher energy backscattered electrons, which are produced 
by elastic interactions (Fig. 2.1) . For more details see 
Goldstein et al. (1981), White et al. (1984) and Shaw 
(1987) . 
a: Secondary electron imaging 
This technique provides information about surface 
topography of the specimen. Samples prepared for this 
type of analysis were small chips (about 1 cmr) with 
freshly fractured surfaces stuck with silicon glue onto 
aluminium stubs, or friable sediments mounted on the 
stubs. Then the specimens were coated with gold film (300 
A° thick) in a sputter coater. The main purpose of the 
coating is to reduce the electrostatic charging on the 
specimen surfaces to the minimum when the sample is 
bombarded by an electron beam (Goldstien et al. 1981). 
This produces clear and sharp images of the specimen. 
The disadvantage of a thick gold coating (>100 A°) is 
that it produces large gold peaks in micro X-ray 
spectrograms which may obscure some other elemental peak 
which is close such as phosphorous (Trewin, 1988) . 
b: Backscattered electron imaging 
Backscattered electrons are primary electrons which have 
been reflected back from a target specimen by elastic 
scattering events (Lloyd, 1987). They are different in 
source from secondary electrons. The latter are emitted 
from the surface layers, whereas the former comes from 
both the surface of the specimen and within the volume of 
the sample under examination (i.e. the volume of energy 
dissipation). 
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Fig. 2.1 (A) The operation modes of an electron 
microscope (Shaw, 1987) and (B) the energy volume of an 
electron beam striking a specimen (Goldstein et al. 
1981) . 
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The degree of backscattering is assessed in terms of the 
backscattering electron coefficient. This coefficient is 
a direct function of the mean atomic number of the 
specimen. The higher the mean atomic number the higher 
the backscattering coefficient. This results in an 
increased emmision from higher mean atomic number phases, 
which then results in a stronger signal. Images produced 
in this mode have a compositional contrast. It is 
possible to differentiate minerals with only a 0.1 
difference in their atomic number (Hall and Lloyd, 1981). 
Hence, this technique is very useful for locating 
individual minerals, and assessing their 
interrelationship in suitably prepared samples. 
This technique was applied to polished thin sections 
which were carbon coated. It was not applied to the gold 
coated fracture surfaces, because the intensity of the 
backscattered electron signal is also a function of the 
angle of tilt producing topographic contrast which can 
mask and confuse the compositional signal. 
2.1.2.2 Energy dispersive X-ray analysis 
This analytical facility of an SEM utilizes the X-rays 
produced by the elements when an electron beam strikes 
the specimen. These X-rays are characteristic and 
proportional to the elemental concentrations of the 
target in the specimen. A stationary electron beam was 
used for this type of analysis and the elemental 
composition can be obtained from grains down to 5 um 
(Shaw, 1987) . It is not possible to detect elements with 
atomic number lower than 10 on the system available. This 
technique is useful to identify minerals qualitatively 
and quantititatively. In the latter use analyses were 
carried out using a LINK system AN 10000 analyser with a 
ZAF correction software using cobalt intermediate 
standard. The calculation of atomic and oxide percentage 
for the elements percent in the analyzed mineral were 
carried out by presenting the number of oxygen atoms for 
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the mineral being analyzed (e.g. for palygorskite the 
number of Oxygen is 21) . A limit of the technique for 
hydrated phases is the inability of the system to detect 
elements with atomic numbers less than 10. Usually just 
one element is presented to the absent from the list 
analysed. For the geological samples this is Oxygen bond 
to Silicon. In the case of hydrated phases approximations 
have to be made. In the case of carbonates, the effect of 
the heat in the beam specimen interaction volume causing 
calcination must be considered. Details of quantitative 
energy dispersive X-ray analysis are given by Goldstein 
et al. (1981). 
2.2 Radiography 
X-ray radiography is one of the most important techniques 
applied in study of the Recent sediments. The radiography 
may reveal many details such as sedimentary structures, 
biological content, organic content etc. It is sensible 
to carry this analysis before any other detailed analysis 
of cores is undertaken. 
Bouma (1964) applied radiography to sedimentary 
structures in unconsolidated and consolidated marine 
sediments. He pointed out the effects of burrowing and 
recommended analysis of radiographs before any sample 
selection from cores for further analysis. Also, the 
features revealed by radiography are very good 
indications of the environments of deposition (Hamblin, 
1962) . The technique has proved very useful in the study 
of the Recent organic-rich marshy sediments of the Ahwar 
(Aqrawi and Evans, 1990). 
Radiography of at least one core from each station (and 
up to three cores occasionally) were made before any 
other analysis, in this study. 
A Faxitron 8 050 radiographic system was used. This self-
contained X-ray system is a safe system which gives 
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correct exposure time and indicates proper setting of kV 
during exposure. 
Radiographs of 24 selected cores (30-80 cm long) of 16 
stations mainly from lakes and submerged marshes (Fig. 
1.3) were carried out. Each core was split into two 
longitudinally using an electric saw to cut the plastic 
tube cover along two parallel and horizontal lines. Then 
an electro-osmotic blade was used to split the sediment 
core. One half was wrapped in thin plastic film and 
stored as reference. A thin slab, about 0.5 cm thick, was 
cut longitudinally with flat surfaces on both sides from 
the other half. The slabs were laid on aluminum plates 
for X-raying. Radiographic film in black bags was placed 
on the core-slab. This sandwich was placed inside the X-
ray radiographic machine and exposed to X-rays for 5-10 
minutes using a potential of 25-30 kV. The films were 
developed to produce negatives of each core slab. Printed 
photographs and the hand-traced images of the negatives, 
in addition to the examination of the negatives on a 
lighted table, showed various details along the split 
core. 
2.3 X-Ray Diffraction (XRD) Analysis 
Mineralogical analysis of the whole sediment samples, 
and, separately their clay fraction were carried out for 
more than 100 samples. The analyses were performed using 
a Philips 1830 diffractometer employing monochromated 
CuK« radiation generated at 40 kV and 50 mA. The 
automatic divergence slit assembly of the diffractometer 
is converted to equivalent of 1° fixed divergence slit 
data through the APD 1700 software. 
2.3.1 Whole-sediment powder analysis 
For the whole mineral content of selected samples, the 
specimen was dried then ground in an agate Tema mill. 
The powder was packed into standard aluminum holders, 
then scanned from 2° to 85° 2 Theta, in steps of 0.040° 
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of 2 Theta. The data was subsequently converted to that 
which would have been obtained with a fixed (1 deg.) 
divergence slit in order to compare the results with the 
existing JCPDS standard mineral identification tables. 
The main minerals were subjected to a quantitative 
analysis for selected samples to show the vertical and 
horizontal distribution of the minerals along the cores, 
boreholes and surface sediments. The quantitative 
analysis was achieved by measuring the peak areas, and 
comparing the results with previously established 
standard curves of the same mineral assemblages (Bush, 
1973) . 
2.3.2 The clay-grade analysis 
The clay fraction (<2 yam) of 40 selected samples were 
prepared by soaking each sample in distilled water and 
adding a few drops of ammonia as a deflocculant then 
centrifuging for 4 minutes at 1000 rpm (Tanner and 
Jackson, 1947) . After the separation of a reasonable 
amount of <2 yum solution, 5 ml of MgCl2 solution was 
added to a part of the solution in a separate 250 ml 
bottle and left overnight to produce Mg saturated clays. 
Oriented specimens of the clay-grade were prepared for 
XRD analysis by suction onto ceramic tiles according to 
the method described by Shaw (1972) . The air-dried discs 
were stored in a desiccator containing silica-gel and 
then analyzed using X-ray diffractometer by scanning from 
2-40° 2 Theta at a rate of 66.67 sec/° 2 Theta of 
monochromated CuKpcT radiation. The analysis of the same 
tile was repeated after glycolation and heating to 300°C 
and 500°C for one hour in each case, but the scan range 
was reduced to 25.5° 2 Theta. The MgCl2 saturated samples 
were analysed under the same conditions but were solvated 
with glycerol instead of glycol to identify any 
palygorskite. In this case the smectite expands and the 
basal d-spacing shifts toward 17 A° or higher, while the 
palygorskite peak remained at 10.5A°. 
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2.3.3 Interpretation of diffractograms 
The interpretation of the whole sample powder and clay 
fraction diffractograms was achieved by an integrated 
approach, including comparisons with the literature 
dealing either with clays in general (e.g. Brindley and 
Brown, 1980; Weaver, 1989; Moore and Reynolds, 1989), the 
sediment sources and surrounding areas of the northern 
Arabian Gulf in particular (e.g. Berry et al. 1970; 
Khalaf et al, 1982, 1984 & 1985; Aqrawi and Sadooni, 
1987a, 1988). 
2.3.4. Semi-quantitative analysis of XRD results 
Semi-quantitative analysis was carried out for the 
results of whole sediment powders using standard curves 
of the same mineral assemblages, whereas semi-
quantitative analysis of the detected clays was obtained 
by a modification of formulae proposed by Schultz (1964) 
to include palygorskite (Table 2.1). 
2.4 Inorganic Geochemical Analysis 
2.4.1 Calcium carbonate content 
The CaCOg content of 132 samples was estimated by 
dissolving crushed samples in 25% (w/w) hydrochloric acid 
and recording the volume of CO2 produced using a Collins 
Calcimeter. Seventy one samples taken every 2 cm along 
three selected cores from a freshwater lake, a brackish-
water lake and marsh were analysed in addition to 61 
other selected samples from the surface, boreholes and 
sediment source areas. The estimated observed volumes of 
CO2 in the calcimeter was corrected by adding the 
dissolved volumes to them. Then the CaC03% was calculated 
taking into account the weight of the sample and the 
temperature of the water bath. 
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Table 2.1: Formula used in the semi-quantitative analysis of the 
clay minerals (modified from Schultz, 1964 to include palygorskite) 
[I = Intensity as peak area] 
1(1 OA) at 300 °C 
(1) % Illite + % Expandables = 
1(1 OA) at 300 °C + '/2 1(7A) at 100 °C 
I (lOA) Glycolated 
(2) % Illite = 
1 (lOA) at 300 °C + '/2 I (7A) at 300 °C 
(3) % Expandables = (1) - (2) 
'/2 1 ( 7 A ) at 300 °C 
(4) % Kaolinite 4- % Chlorite = 
I ( l O A ) at 300 "C + '/2 I ( 7 A ) at 300 °C 
1 ( 1 4 A ) at 300 °C 
(5) % Chlorite = 
I ( 1 4 A ) at 300 °C + '/2 1 {Ik) at 300 C 
(6) % Kaolinite = (4) - (5) 
1 ( 1 0 . 5 A ) Glycolated 
(7) % Palygorskite = 
1 (10.5A) at 300 °C + '/2 1 (7A) at 300 °C 
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2.4.2 Inductively coupled plasma atomic spectrometry 
This technique determines the elemental composition of 
both trace and major elements of samples. It is based on 
the excition of atoms emitting light, which has 
wavelengths and intensities which are characteristic of 
each element and its concentration (Thompson and Walsh, 
1989). 
The samples were weighed (about 0.1 g) on an electronic 
micro-balance. Then were attacked by Nitric-Perchloric-
Hyroflouric acids. This was activated by addition of 2 ml 
of nitric acid (70% w/w) , followed by 1 ml of Perchloric 
acid (60% w/w) and 5 ml of hydroflouric acid (40% w/w) . 
The samples were then placed into a hotblock at 90°C and 
then 140°C each for 3 hours after which the temperature 
was increased to 190°C for at least 9 hours. After 
cooling, 2 ml of HCl (4M) was added and the samples 
leached on the hotblock at 70°c. They were then cooled 
and 8 ml of HCl (0.25 M) was added and put into well-
capped disposable centrifuge tubes. The final volume 
reached was 10 ml for every sample. This method is 
detailed in Thompson and Walsh (1989) for Atomic 
Absorption Spectrometry. 
Each sample was passed through a nebulizer, forming a 
fine spray, and mixed with the argon injector gas. They 
were then passed through a plasma torch which maintained 
ionization and kept the temperature stable. Emission 
spectra (170-780 nm wavelength range) from ionization in 
the plasma was analysed using a high resolution, ARL 
34000 spectrometer. 
The results were subjected to multivariate statistical 
analysis using programmes in the MVSP package (Kovach, 
1990) . The statistical techniques applied included 
Principal Component Analysis, Correspondence Analysis and 
Cluster Analysis of weighted-pair-groups using distance 
similarity coefficients of percentages etc. Cluster 
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analysis results were used to classify samples on the 
bases of element grouping in dendrograms. The results of 
Gorrespondance Analysis were correlated well with the 
Cluster Analysis results. However, the Cluster Analysis 
technique was used as it has been more widely used in the 
analysis of the sedimentological environments (e.g. 
Harbough and Meriam, 1968; Khaiwka et al. 1981; Aqrawi 
and Al-Basri, 1986; Aqrawi and Darmoian, 1988; Aqrawi 
and Khaiwka, 1989). 
2.4.3. O and C isotope analysis of dolomitic samples 
Oxygen and carbon isotopic analyses were carried out for 
13 sediment-samples (with 12 to >50 % dolomite) at the 
Isotope Laboratory of P.R.I.S, Reading University. Finely 
ground sample-powders were heated to 450 °C in a vacuume 
for 30 minutes to remove volatile organic matter. The 
separation technique using phosphoric acid was employed 
for the analysis of calcite-dolomite pairs (Esptein, 
1964) . The evolved carbon dioxide was analysed on a VG 
Micromass 903 mass spectrometer. The results were 
corrected using standard procedures (Craig, 1957) and 
then presented as part per thousand relative to the PDB 
standard. 
2.5 Organic Geochemical Analysis 
The purpose of these analyses was to determine the 
quantity, nature and maturity of the organic matters 
present in the samples from surface and borehole 
sediments. Several techniques were employed for the above 
mentioned purposes. These included: 
2.5.1 Total organic carbon (TOG) content 
The total organic carbon content of more than 100 
selected samples was carried out using a Perkin Elmer 240 
elemental analyzer. This analyzer measures the organic 
carbon content directly by combustion. Samples of 3 to 4 
mg were placed in a small platinum boat. They were then 
treated with 10% HCl and heated at 40 °C until the sample 
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was completely dry to remove the inorganic carbon (the 
carbonate fraction). Then the analysis of each prepared 
sample was carried out in a furnace (within the Analyser) 
at 950°C and in a pure oxygen atmosphere under static 
conditions. The Analyser gave the TOC% directly by 
integrating the produced carbon dioxide in a steady state 
thermal conductivity analyzer as a printed results of the 
percentage of TOC content in each analysed sample. 
2.5.2 Rock-Eval type pyrolysis 
This analysis provides information about the type and 
maturity of organic matter. The method included the 
heating of the organic matter in the absence of oxygen to 
yield organic compounds. A powder of the whole sediment 
samples (nearly 5 mg of each sample) was pyrolysed at 
200°C for 6.5 minutes. Then a programmed pyrolysis was 
carried out in a helium atmosphere at both 25°C/min and 
540°C/min respectively for about 45 minutes for each 
sample. Any organic compounds generated by pyrolysis were 
sensed by the flame ionization detector (FID). The 
results usually show two peaks (PI and P2) . The first 
represents the amount of hydrocarbons which could be 
distilled from one gram of the analysed sediment which is 
roughly equivalent to that recovered by a solvent (pure 
double distilled dichloromethane) extraction of the 
weighed sediment, whereas the second represents the 
amount of hydrocarbon generated by high temperature 
degradation. The last also gives the maximum temperature 
required for the whole organic residue combustion. This 
temperature (i.e. Tmax) was calculated as the temperature 
figure against the largest area of the P2 peak in each 
resulting graph. The higher the Tmax the less mature the 
organics. 
However, this analysis also gives very useful information 
about the source material of the organics as several 
kerogene types, according to their calculated hydrogen 
index (i.e. mg of hydrocarbon/g T.O.C. which called HI), 
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despite a debate about the validity of experimental 
results (e.g. Katz, 1983; Horsfield and Douglas, 1980). 
This technique has been widely used for source rocks 
studies during the last two decades (e.g. Horsfield, 
1984; Hue, 1980). It is of limited use in Recent sediment 
investigations. However, the main purpose for the 50 
analyses carried out on both surface and borehole 
sediments was to determine the distribution of various 
types of organic matter in the various horizons in order 
to correlate peat-horizons within the Holocene sequence 
with the highly degraded organic-rich surface sediments 
of different subenvironments of the Ahwar. 
Pyrolysis alone might not be a very reliable technique 
(Espitalie et al., 1980) but it is a very useful 
supporting technique when used in conjuction with other 
organic-geochemical methods, such as gas chromatography 
(GC) and elemental analysis of C, H and 0, in the 
characterisation of the Recent organic-rich sediments. 
2.5.3 Gas chromatography (GC) 
Hydrocarbons were extracted from 18 selected organic-rich 
samples from both surface and boreholes, using a pure 
double distilled solvent (dichloromethane). A Perkin 
Elmer (Series 8320) Gas Chromatograph was used. In this 
method 1 cc of the extracted hydrocarbons was injected 
through a chromatographic column, which is capable of 
differentiating the normal hydrocarbon alkanes and 
associated biomarkers. The results were produced as 
chromatograms indicating the alkanes present with other 
associated biological markers (such as pristane and 
phytane) along the time retention (X axis) with peak 
intensities indicative of the relative abundance (Y 
axis). 
The alkane types of each sample have been interpreted 
using the chromatogram of the standard used in each 
analysis, by correlating between two chromatograms. 
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The results of these analyses revealed some useful data 
about the carbon types and their relative abundance. In 
addition many biological markers were distinguished by 
their positions in the chromatograms relative to the 
differentiated alkanes. The latter originated mostly from 
the long molecules and may be used as indications for the 
degradation intensity. The identified alkanes and some 
estimated ratios (e.g. pristane/Ci^) were used as a key 
to characterise the organic matter of various surface 
sub-environments and correlate them with the preserved 
Holocene peats. Also, these studies are useful indicators 
of any hydrocarbon pollution which may have occurred 
recently in the Ahwar and could be used as a datum 
reference for future studies on hydrocarbon pollution. 
2.5.4 Elemental analysis of C, H and 0 
This analysis was carried out on 20 selected and 
macerated samples. Samples (20 g each) were macerated in 
100 ml of 10% HCl and stirred until the reaction was 
complete. The residue was washed several times with 
deionised water. The washed residues, free of carbonates, 
were then treated with 60% HF (50 ml) several times to 
ensure the complete dissolution of all siliceous minerals 
(Kinghorn and Rahman, 1980). The final residues consisted 
of only organic matter with some heavy minerals (such as 
pyrite). These macerated residues were washed very 
thoroughly with deionised water and half of each sample 
was dried in a baffle-oven to avoid oxidation. The dried 
part of each sample was homogenised and crushed in an 
agate pestle, then analysed for C, H and 0. 
Carbon and Hydrogen were measured using the same 
procedure and equipment as used for measuring TOC 
content, whereas oxygen was measured after the 
modification of the equipment to measure oxygen instead 
of carbon (Per. Comm. Dr M. Rahman, 1992) . The measured 
values of C, H and 0 were converted into atomic 
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percentages by dividing each by its atomic weight. The 
calculated figures were then plotted. 
2.5.5 Organic matter petrography 
Some organic matter was identified during the SEM 
analysis of the gold coated sample chips in the secondary 
images. But the main petrographic work on the organic 
matter was carried out on the macerated samples. Glass 
slides were prepared by mixing a drop of sample with 
glycerine on a hot plate and then covering, carefully, 
with a cover slip, to avoid any bubbling. Two slides from 
each sample were obtained from the normal macerated 
solutions. Other slides from a split of the residues were 
made after ZnBr 1.53% density separation of the pollen 
from other organic detritus by centrifugation (200 rpm) 
for 10 minutes. The slides were examined under a Wild 
binocular transmitted light optical microscope in order 
to describe the types of organic matter which occurred in 
each sample and to estimate their abundance. 
The petrography of organic matter is an essential adjunct 
to the study of organic matter in order to verify the 
interpretation of the pyrolysis and other organic 
geochemical data (such as TOC % and C, H and 0 elemental 
analysis) . Also, it is very helpful with other data in 
determining the degradation and/or preservation state of 
the organic matter. In addition, it can assist in the 
reconstruction of the sedimentary environmental 
conditions. 
2.6 Grain Size Analysis 
This was earliest techniques used in sedimentary facies 
discrimination (e.g. Friedman, 1961; Folk, 1966). It is 
still a useful technique to support the results of the 
other methods (McManus, 1988), particularly rapid 
advanced techniques such as sedimentation balances for 
sand discrimination and Sedi-Graphs for mud fractions. 
Most of the Ahwar sediments are very fine grained, so 
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that most of the samples were analysed only for their 
sub-sand fraction. A Micromerites Co Sedi-Graph 5100 was 
employed for this work. This particle size analysis 
system is a very advanced aparatus dealing with the 
fraction from 63yUm down to less than 1 yum. The principle 
of this technique is similar to that employed in pipette 
analysis (i.e. based on Stoke's law). The cumulative 
percentages of each size fraction was determined by the 
rate of main particles sinking under the action of 
gravity. The concentration of sinking particles is 
measured electro-optically with the out-put being in form 
of cumulative curve and a table of contents. 
Mud fractions of 127 selected samples (60 from surface 
cores and the remainder from the borehole sediments) were 
analysed after separation of sand by wet seiving using 
240 mesh British standard sieves (BSS). Sediment 
solutions were washed through a 24 0 mesh (British 
Standard) sieve to gain the separate of the less than 63 
yum fraction of each sample. The samples were then treated 
with a dispersant such as ammonia or calgon and then each 
sample was left in an ultrasonic bath for five minutes 
before the analysis to deflocculate the clay. Also, the 
treatment of organic-rich samples by hydrogen-peroxide 
minimised the effect of the organic matter on the 
analyses. The analysis was repeated in order to reach the 
required concentration by diluting the mud suspension 
with distilled water. Experiments showed that the 
concentration of the mud solution, in addition to the 
presence of organics and flocculation of the clay 
particles, was the main complicating factor for better 
results. Concentrations providing between 90 - 100 k 
counts/minute provide the best results. Also, it was 
found that naturally moist samples gave better results 
than the rehydrated dried-samples, particularly those of 
a high clay content. However, all the samples were left 
in suspension for more than two weeks before wet seiving 
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and then their mud fractions treated with ammonia as a 
dispersant. 
Sand fractions, when available in reasonable amount, were 
subjected to the classical sieving technique (Folk, 
1974). Also, the traces amounts were analysed 
microscopically for identification of microfauna and 
other grain types. 
2.7 Examination Of Biota 
The dominant biota including macrofauna and microfauna 
were identified. Molluscs are the main macrofauna in the 
various surface subenvironments of the Ahwar. Molluscs of 
various species have been collected randomly during the 
field excusions from five stations (St. 3, 8, 14, 18 and 
19) . 
The shells were soaked in the freshwater for more than 
one week then cleaned with a soft brush and dried in a 
warm oven (<40®C) . The identification of the species was 
carried out by Dr. D. Brown of Natural History Museum. 
Quantitative analysis of the five stations was made. 
Samples of each species for every station were crushed 
using a Tema Mill with an agate mortar for the purpose of 
mineralogical and geochemical analyses using the 
procedure and equipment as reported previously in this 
chapter for the analysis of sediment. 
The dominant microfauna are foraminifers and ostracods. 
Two types of samples were prepared for their examination. 
Samples of surface sediments from the lakes were immersed 
in alchohol in the field immediately on collection in 
order to preserve soft part, so that living species could 
be distinguished from the shells of dead organisms. 
Others were washed from the sand and coarse silt 
fractions of the surface cores and borehole samples. The 
samples preserved in alchohol were treated with Rose 
Bengal (solution of 1 gm/Litre) and left overnight. Then 
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both types were sieved by wet-sieving using British 
Standard 240 and 300 mesh sieves, to separate the sand 
and coarse silt sizes of the sediments. It was found that 
the fine sand size was richer in microfauna. The 
foraminifers and ostracods were picked and sorted onto 
slides for each size fraction of each sample for 
subsequent identification. The total of about 50 samples 
were prepared for this purpose. 
The classification of the foraminifers was carried out 
with the help of Professor J. Murray (Southampton 
University) and Dr S. Radford (Imperial College), while 
the ostracods were identified by Dr D. Home (Thames 
Polytechnic-London). Many species were examined in the 
SEM to show more specific details. 
Other microfauna were detected using both binocular and 
SEM microscopes. These included diatoms, coccoliths and 
charophytes. They were not classified in detail. However, 
the coccoliths were all detrital in origin and reworked 
into the Holocene sediments from Eocene and Early Miocene 
sources (pers.comm. Dr. J. Young, of the Natural History 
Museum, 1991). The diatoms and charophytes appeared to be 
useful indicaters of freshwater lacustrine environments 
whereever they occurred in high numbers. 
2.8 Unstable Isotopes 
Carbon-14 analyses of both near-surface shells and older 
Holocene peaty sediments and the Cesium-137 anlyses of 
the top 20 cm of the sediments from some surface cores 
were made. 
2.8.1 Radiocarbon dating 
Radiocarbon dating is the principal method for 
determining the age of sediments from the present to 
about 4 0,000 years B.P. The radiocarbon dating is 
generally based on the measuring of the amount of carbon-
14 ( i.e. the radioactive isotope of carbon). This 
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isotope is continuously produced in the upper atmosphere 
by the interaction of cosmic ray neutrons. The newly 
formed rapidly oxidises to carbon dioxide which is 
taken up by plants during photosynthesis, and also mixes 
with carbon dioxide dissolved in the hydrosphere. Once an 
organism (such as plant or shell) dies, it ceases to 
receive the flow of in its structure and from the 
atmosphere. Carbon-14 then decays by beta particle 
emission with a half life of 5730 years (Libby, 1952). By 
measuring the amount of in ancient carbon compounds 
and compare that with the amount in modern materials, it 
is possible to determine the time of cessation of carbon 
exchange with the atmosphere (i.e. the age of the ancient 
carbon compounds). Such dating of suitable horizons 
assist in the estimation of sedimentation rates. Events 
such as changes in organic contents or shell communities 
represented within sediment strata are fixed in time. 
In this study five Holocene borehole sediment samples of 
organic rich (<2 to >14 % TOC) were dated for the C-14 
method at the Krueger Enterprises Inc., Geochron 
Laboratories Divsion, Cambridge Mass, USA. In addition, 
four surface samples of aragonitic shells were analysed 
in the laboratories of the Geology Department of the 
University College, London using first order ^^C dating 
technique (Vita-Finzi and McClure, 1991) . 
2.8.1.1 Preparation of peaty samples 
A standard method was used by the Krueger Enterprises, 
Inc. Laboratories to prepare the five organic-rich 
samples for CO2 measurment. The entire sample was 
dispersed in a large volume of water and the clays and 
organic matter were eluted away from any sand and silt by 
sedimentation and decantation. The clay/organic fraction 
was then treated with hot dilute HCl to remove any 
carbonates. It was then filtered, washed, dried and 
roasted in oxygen to recover carbon dioxide from the 
organic matter for the analysis. 
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2.8.1.2 Analysis of the shelly scuaples 
The four shelly surface samples were analysed by X-ray 
powder diffraction. All the macro-shells were argonitic 
with no indication of any inorganic obvious diagenetic 
effects in the SEM observation of chips of each sample. 
The shells were thoroughly cleaned by soaking in water 
and brushing delicately. They were, then dried in an oven 
at <40 °C. A detailed procedure was followed to generate 
CO2 by treating the shells of each sample with HCl and 
trapping the gas in a base to which a scintillant has 
been added (Glover et al. 1990). A recent modification 
was made to the original procedure (Vita-Finzi, 1983) and 
detailed by Qureshi et al. (1989). 
The CO2 recovery rig (Fig. 2.2) can be assembled from 
standard glassware (A) and delivers acid (50% HCl) to the 
shell sample. A trap (B) holding a solution of silver 
nitrate has used to remove any HCl fumes being carried 
over the flow. The CO2 gas is bubbled through a 1:1 
mixture of Carbsrob and Permaflour V (Eichinger et al. 
1980) in a low potassium glass vial with a stainless 
steel cap (C). Saturation was readily recognised by 
weighing, as it led to a gain of 1.2 6 g per 10 ml of 
mixture (in D), as well as the drop in temperature that 
signals the end of the reaction. 
2.8.1.3 Determination of the radiocarbon age 
For both sample types the measurement of the carbon 
isotope activity (as counts per minute) was determined 
and used to estimate the age of the sample by comparison 
with standards. The accuracy of the age determination 
depends, amongst other factors, upon the possiblity of 
contamination during sample preparation and the amount of 
CO2 recovered. The greater the amount of carbon dioxide 
extracted the more accurate the age determination, which 
is calculated (Catt, 1989) from a formula: 
T = logg (S -b)/ log^ (S^-b) 
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Where T is the half life of S is the count of the 
sample to be dated, b is the background count estimated 
by counting an equally sized sample of ancient carbon 
devoid of and SQ is the count from a sample of 
uncontaminated modern carbon, usually a standard oxalic 
acid. The method has been well explained in Lowe and 
Walker (1984) and in Etienne et al. (1989). 
2.8.2 Cesium-137 dating 
The dating of the sediments using ^^^Cs is a relatively 
novel technique (e.g. Ritchie et al. 1973, 1975; Costa, 
1975/ Walling et al. 1992). Cesium-137 has a half-life of 
30 years and a strong gamma ray emission that makes it 
easy to detect (Ritchie et al. 1973) . This radio-isotope 
was mainly released to the environment by the nuclear 
bomb testing and is still being adsorbed on deposits 
(Walling et al. 1992) . It is adsorbed on to the finer 
sediment fractions of soils, but further movement by 
natural chemical processes is limited (Davis, 1963). 
Therefore any movement of the Cs-137 from the initial 
site of deposition usually implies erosion and 
resedimentation (Ritchie et al. 1975). In all previous 
studies the highest peak of the Cesium-137 activity 
occurs for 1963. This peak is usually taken as a datum 
for the subsequent sedimentation. It is used to determine 
sedimentation rates. If ^^ "^ Cs is absent, then the 
interpretation is that erosion has occurred. This 
technique yields the best results if a fine sample grid 
of depth and area is used (per. comm. Professor D. E. 
Walling, 1992) . 
Two batches of selected samples were analysed in the 
laboratories of the Department of Geography, University 
of Exeter, under the supervision of Prof. D. Walling. A 
total of 27 samples were analysed from 13 selected sites 
representing all the various surface subenvironments of 
the Ahwar, in addition to two surface samples of the 
boreholes C and H. Only six stations gave sufficient data 
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for further analysis (stations 1, 7, 8, 9, 10 and 13) , 
specially stations 7 and 8, while an absence of signal 
from all the others implies local erosion. The analysis 
of the second batch (mostly from the promising stations 
such as 7, 8, 9 and 10) has permitted calculation of 
present sedimentation rates in the northern area during 
the last 30 years. 
The results were normalised as activity per unit mass 
(i.e. mBq/g) in order to correlate between stations. The 
main purpose of this analysis was to determine modern 
sedimentation rates in the study area. 
2.9 The Geotechnical Analysis 
This analysis was mainly performed to determine the 
effects of mechanical compaction on sediments accurately. 
Thereby improve calculation of rate of accumulation. 
Consolidation tests were employed to establish correction 
curves for the calculated sedimentation rates as follow: 
2.9.1 The consolidation tests of saind, silt eund clay 
The oediometer consolidation tests are commonly used by 
engineering geologists to determine the consolidation 
characteristics of soils of low permeability. The main 
purpose of these tests is to determine the amount of 
settlement. The tests (Head, 1982) were applied to three 
selected lithologies characterisd mainly by the 
differences in their grain size distributions. 
The oediometer cell is comprised of a cylinder with the 
top and bottom of the specimen being covered by porous 
disks, slightly smaller than the inside diameter of the 
cylinder to affect uniform applied stress distribution so 
that compression of the specimen is equal from top and 
bottom (Fig. 2.3). The cell was connected to a dial guage 
which monitored the reduction of the volume (i.e. void 
ratio) of the specimen as stress (i.e load) which was 
applied with time. The tests conform to the British 
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standard 1337. The loads employed were selected to equate 
depths to the likely stress caused by the sediment 
overburden at different depths based on the sediment 
density at known depths, calculated on the basis of 
volume and density of each of the sediment types. Data 
were tabulated for each facies as depth and percentage of 
reduction (see chapter 8 for details) by using five 
different stresses for each facies and estimating the 
volume reduction at 90% consolidation in each case. 
2.9.2 The plotting of correction curves 
The data for each lithology, was plotted to produce a 
compaction curve (see Figs. 8.4 and 8.5 in chapter 8). 
Each lithology compaction curve could then be used to 
calculate sedimentation rates. The data was plotted with 
load (i.e. depth) on the X axis and percentage of 
reduction in volume on the Y axis. This represents 
compaction and can be used to correct for actual sediment 
accumulation. With sections consisting of variety of 
lithologies different correlations had to be applied for 
each type at its appropriate depth. When specific dates 
are applied to particular horizons real sedimentation 
rates could be determined (see Fig. 8.4). 
The geotechnical correction of the estimated 
sedimentation rates showed that up to about a 30% 
reduction could result from mechanical compaction alone, 
excluding other factors such as cementation which can 
cause a part of the consolidation and reduce the effect 
of mechanical compaction. 
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CHAPTER 3 
THE PHYSICAL CHARACTERS OF THE SEDIMENTS AND THE 
SEDIMENTARY SUCCESSION 
3.1 Introduction 
Samples were collected on two field excursions. The first 
analytical step was the study of the physical characters 
of the collected sediments. All the sediment samples were 
subjected to this type of analysis which included the 
description of colour, granulometry and the study of the 
sedimentary structures wherever they were present. 
3.2 The Suspended Sediments Of The Tigris-Euphrates 
Rivers And The Shatt AJ.-Arab 
The Shatt Al-Arab is usually considered as one of the 
main sources for the sediments supplied to the northern 
Arabian Gulf (e.g. Khalaf et al., 1982; Aqrawi and 
Darmoian, 1988) . Also, it was generally thought by 
previous workers that most of the suspended loads of the 
Tigris-Euphrates Rivers were deposited within southern 
lakes and marshes (i.e. Ahwar) of the lower reaches of 
Mesopotamian plains (Lees and Falcon, 1952; Philip, 1968; 
Berrey et al. 1970 etc) . However, many workers have also 
stressed the importance of aeolian supply to the area 
(Kukal and Sa'adalla, 1973; Al-Bakri et al. 1984; Khalaf 
et al. 1985; Foda et al 1985; Aqrawi and Sadooni, 1988) . 
The suspended sediment samples were collected during the 
present study within the late stage of the flood season 
(June 1990) . More than 60 litres of the waters had to be 
concentrated to obtain sufficient sediment for analysis. 
This reflects the very low concentration of the suspended 
load which reaches the study area at the present day due 
to the widespread control on the water discharge by many 
irrigation works. 
The colour of the suspended sediments of the three rivers 
was reddish-brown as is the river water during the flood 
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seasons. The grain size analysis of the suspended 
sediments showed that they are mainly clayey-silt grade 
with no sand fractions. The cumulative curves of the 
sediment of the three waterways are almost similar (Fig. 
3.1) . 
3.3 The Aeolian Sediments 
Three types of aeolian sediment are found in southern 
Mesopotomia, namely: dust fall-out, mobile sand (without 
clear bed-forms) and dune sand. Dust and its subsequent 
fall-out has been reported as one of the striking 
characters, particularly in the summer of the whole area 
of Mesopotamia and northern Arabian Gulf (Kukal and 
Sa'adalla, 1973; Al-Bakri et al. 1984; Foda et al., 1985; 
Aqrawi and Sadooni, 1988, etc) . On the other hand mobile 
sand and dune sand is restricted mainly to the western 
desertic margins which border the southern Mesopotamian 
plains. 
3.3.1 The dust fall-out sediments 
The dust is mainly siIt-grade and reddish-brown in 
colour. It has been reported to be calcareous in nature 
(Khalaf et al. 1985). Dust is very common in the area for 
three quarters of the year except for the three months of 
winter. It reaches its acme during summer, particularly 
July and August (Fig. 3.2 ) . The concentration of the 
dust in the summer is related to climatic phenomena such 
as the absence or rarity of summer precipitation and the 
higher levels of the pressure (Fig. 1.7). Also, the 
summer air temperature may reach more than 50 °C with a 
mean of more than 35 "C increases the rate of evaporation 
in the whole of Mesopotamia, particularly in the area of 
study, near the desert borders. Due to the high rate of 
dust fall-out (i.e. more than 10 days/month) in summer, 
it is quite common to find that visibility is only few 
meters on some summer days. Also, there is a very good 
correlation between the dust storms and rise of dust on 
the one hand and the wind speed on the other. The wind 
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Fig. 3.1 Cumulative grain-size curves of suspended 
sediment of: (A) River Tigris, (B) River Euphrates and 
(C) Shatt Al-Arab. 
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Pig. 3.2 Mean annual wind speed (m/sec.), dust-rising 
and dust storms (in days) with wind rose for each, of the 
three main meteorological stations in southern 
Mesopotamian; Amara (a) , Basrah (b) and Nasiriyya (c) . 
These show that the highest aeolian contribution to the 
budget of the area is in the summer season and 
is supplied particularly by northwestrly and westerly 
winds. 
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speed may reach more than 5 m/sec in June and July in the 
area of study (see Fig. 3.2 a & b, for three selected 
meteorological stations: Amara, Nasiriyya and Basrah). 
The grain-size analysis of two samples of the dust fall-
out, collected from Basrah and Qurnah during June-July 
1990, showed that both are of clayey-sandy-silt (Fig. 
3.3) . The microscopic analysis of the small sand 
fractions showed that this fraction of the dust is 
composed mainly of moderately rounded quartz with 
calcareous and feldspathic grains. However, this fraction 
does not exceed 22% (wt.) of the collected dust samples. 
3.3.2 Mobile sand and dune sand 
The other common aeolian contribution is from the sand 
fraction of the mobile sand sheets and dune forms. This 
sandy aeolian sediment is an important contributor to the 
western sides of the study area. The sand dunes to the 
southwest of Lake Hammar near Tel Al-Lahim (Fig. 3.4) is 
a reflection of the western wind direction. This westerly 
wind is the second main aeolian contributer, particularly 
to the western parts of the study area (Fig. 3.2) . Also, 
mobile sand can be observed in the area, particularly 
along the roadways. This sand causes damage to the 
vehicles, and reduces the visibility during the summer 
increasing the probability of road accidents. 
Fine-sand represents the main fraction (up to 60%) of 
both these deposits (Fig. 3.5). It is similar to the sand 
fraction of the dust, and is characterised by being well 
sorted and rounded. Most of this sand may be considered 
as the first stage of deposition of the dust storms, 
particularly those which are generated in the western 
desert. After the deposition of most of the sandy 
fraction of these storms the silty, clayey and a small 
amount of the sandy fraction is transported toward 
southern Mesopotamia, mixing with the dust transported by 
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Fig. 3.4 Mobile sand (a) on the highways between Basrah 
and Nasiriyya during July (1990) and dust fall-out (b) 
are characteristic features of the summer season of 
southern Mesopotamia. 
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the northwesterly (Shamal) winds within the Mesopotamian 
plains. 
3.4 The Sediments Of The Ahwar S\ab-Environments; 
Sedimentary Structures And Colour 
All the cores and pit-section sediments collected from 
the stations within the various sub-environments of the 
study area have been included under this heading and have 
been called the Ahwar sediments. 
3.4.1 Sediments of the Euphrates levee 
The levees of the Euphrates are almost completely covered 
by extensive vegetation within the Ahwar region (Fig. 
1.4), particularly from Nasiriyya to Qurnah except for 
some recently dried (i.e. reclaimed) areas. A core was 
taken near Medaina, west of Qurnah (Station 8, Fig. 1.3). 
It was noted during sampling that this area had little 
vegetation as it is so close to the mouth of a channel 
connecting Lake Zechri (mainly fed by the River Tigris) 
and the River Euphrates. It was also noticed that many 
freshwater shells covered the surface at this station 
near the channel mouth. 
The core slab showed a high diverisity in colour, whereas 
the radiograph showed visible diversity in macrofaunal 
content and sedimentary structures (Fig. 3.6a). The 
colours ranged from' olive grey to greenish grey along 
the core section. Lamination was the main sedimentary 
structure which characterised this core. The lamination 
was often disturbed by reed-root penetration 
(phytoturbation) or other bioturbation. The latter had 
created many burrows of different sizes which were 
usually filled by the overlying sediments. The grain size 
analysis of selected samples along the core showed that 
all the sediment is silty (Fig. 3.7b). 
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Fig. 3.6 Radiographs of the Euphrates levee (A) and 
crevasse-splay (B) sediments showing lamination is mainly 
restricted to the levee sediment, whereas bioturbation is 
common in both. 
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3.4.2 The crevasse-splay sediments of the Euphrates River 
Most of the Euphrates discharge is dissipated through a 
crevasse splay channel network rather than flowing in the 
main channel south of Nasiriyya City. These crevasse 
channels extend into Lake Hammar and they are the main 
water and sediment sources for the lake and surrounding 
marshes. The section of the short core -lOA (36 cm) which 
was taken from within the crevasse-splay area shows that 
the sediment is mainly grey in colour. The semi-dried 
surface of this marsh area during the time of sampling 
(Summer 1990) developed a thin cover of very fine gypsum 
crystals. Most of the core section shows scours. There is 
low macrofaunal content (Fig.3.6b). 
Again, the sediments of the core section are mainly silty 
in nature (Fig. 3.7a). 
3.4.3 The sediemnts of the lakes and surrounding marshes 
Three distinct types of lakes and marshes were 
distinguished during the field work. These were namely: 
fresh, brackish and relatively saline lakes and marshes. 
Most of the latter type were now totally dried (such as 
Stations; 15, 20 & 21 in Fig. 1.3) . The vegetation cover 
and its degradation products coupled with the nature of 
overlying sediments were used during the field sampling 
to distinguish between environmental types. In addition, 
salinity measurements were used in the water-covered 
parts. A dense vegetation cover surrounds the freshwater 
lakes as extensive marshes dominated by Phragmites sp. 
and Typha sp. (Ya'acoub et al. 1981; Baltzer and Purser, 
1990) reeds (Fig. 1.4) . This cover becomes less dense 
with increasing salinity. In dried areas salt can cover 
the surface, particularly in the summer. On the other 
hand, the recently dried areas of the freshwater lakes or 
marshes are dark in colour and the reed-roots penetrate 
the sediments for more than 30 cm. However, less-dark 
sediments and a cover of dried organic material can 
sometimes occur in the brackish-water areas. All of the 
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above mentioned field observations were coupled with up-
to-date satellite-images to draw a new hydromorphological 
map of the area. The map was used in locating the 
sampling stations (Fig. 1.3). 
The sedimentary structures observed are mainly restricted 
to bioturbation and some lamination. Bioturbation is the 
dominant structure in all the core-sections at different 
depths, lamination is mainly restricted to the bottom 
clayey layers of most of the core sections (Fig. 3.8). 
The bioturbation is mainly due to burrows in various 
directions, but mostly vertical. These burrows are filled 
by overlying sediments and fine faunal debris. The 
burrows are dominant mainly in the shelly intermediate 
layer and the upper part of the bottom layer of most of 
the studied cores and dried sections. Bioturbation and 
penetration by roots has disturbed most laminae even in 
well laminated units. The bioturbation is so obvious that 
it can be observed in some cores even without 
radiography. In sections of the dried parts (i.e. 
stations 17-21), it is also visible by eye. The laminated 
units in some sediments (such as those of the freshwater 
Lake Zechri, st. 7) may contain some fine organic debris 
(coffee-grounds) within their wavey laminations. 
The variation in colour ranged between black in the 
organic-rich layers of the sediments, particularly the 
upper layer of most studied cores, to grey in the clayey 
laminated layer of the bottom of the cores (> 35 cm 
depth) (Fig. 3.9) . However various greyish types were 
observed along the cores. Colours vary between light 
olive, bluish and yellowish grey. 
The black horizons vary in darkness depending on the 
organic matter content. In the freshwater marshes and 
lakes, where there is a high organic content, the colour 
may be nearly black, whereas in the lakes and marshes 
which have a relatively higher salinity and resulting 
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Fig. 3.8 Radiographs of cores; IB-Hammar marsh (A), 7B-
Lake Zechri (B) and 13A-Lake Hammar (C) showing an upper 
organic-rich layer (unit 1) , an intermediate layer rich 
macro-shells (unit 2) beneath the surface and a lower 
laminated muddy sediments (unit 3). 
(N.B. in core 7B of Lake Zechri there is a repetition of 
units 1 and 2 in the upper part of the core) 
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uni t 1 
Upper o rgan ic , r ich sed. 
Unit 2 
I n t e r m e d i a t e shelly sed. 
Unit 3 
Lower brackish-marine sed. 
Fxg. 3.9 A split core from the centre of Lake Hammar 
(st. 13) showing the main three sedimentary units which 
P^Gsent in the Lake Hammar and Lake Baghdad and their 
surrounding marshes. Note the grey colour dominating 
throughout the core which darkens towards the surface. 
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lesser cover of vegetation, the colour is lighter. In the 
relatively saline stations of southwest Lake Hammar no 
black layer was observed. On the other hand, it is very 
rare to find multiple black layers in the cores, except 
in those of Lake Zechri and its surrounding marshes. 
Brownish-red coloured sediments were present in some 
marginal areas such as the upper part of the sediments of 
station 21 of Kuraiz Al-Melih, where they are restricted 
mainly to the upper 20 cm of aeolian contributed sandy 
and silty sediments. Also, the sediment from station 2, 
which was collected from an area thought to be an ancient 
levee of the Shatt Al-Arab, shows a similar reddish 
colour. 
3.5 Granulometric Character Of The Ahwar Sediments 
The grain size analysis of 41 selected samples of various 
types from the lakes and marshes and 12 samples of the 
levee and crevasse splay of the Euphrates River was 
carried out. The sediments were classified according to 
the triangular diagram method of Folk (1974). Four 
lithological types dominate namely: clayey-silt, clayey-
sandy-silt, silty-sand and sandy-clay. The remainder form 
less than 5% of the whole of the samples analysed. 
Further, clayey-silt is the most dominant type followed 
by clayey sandy-silt, silty-sand and then sandy-clay 
(Tables 3.1 and 3.2). Overall, silt is the main component 
being 50-60% of the total analysed samples (Fig. 3.10) 
whereas 20-27% is sand and 17-22% is clay. 
3.5.1 Granulomety of the levee and crevasse splay 
sediments. 
These sediments are mainly silty, both clayey-silt and 
clayey sandy-silt. Their cumulative curves are comparable 
(Fig. 3.11). However, the radiographs show that they had 
different sedimentary structures (Fig. 3.6). While the 
levee sediment shows very well preserved lamination along 
the core, the crevasse splay sediments show only some 
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Table 3.1: Distribution of the lithological types of the surface 
sediments of the Ahwar region, based on the nomenclature of Folk 
(1974) 
Lithological Types % in the lake and 
marsh sediments 
only 
% in all Ahwar 
surface sediment 
(incl. levee & 
crevasse-splay) 
clay 2 ,4% 1. 9% 
silty clay 4 . 9% 3.8% 
sandy clay 9.8% 7.5% 
silty sandy clay 4 . 9% 3.8% 
Sum % of clayey types 22% 17% 
Silt 2.4% 1.9% 
slayey silt 24 . 4% 28.3% 
sandy silt 4 . 9% 3.8% 
clayey sandy silt 19 . 5% 28.3% 
Sum % of silty types 51.2% 62.3% 
Sand 4.9% 3.8% 
silty sand 19 . 5% 15.0% 
clayey silty sand 2.4% 1.9% 
Sum % of sandy types 26.8% 20.7% 
Total number of 
samples analysed 
41 samples 53 samples 
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Table 3.2; Distribution of the lithological types in the borehole and total surface and 
borehole sections based on the nomenclature of Folk (1974) 
Lithological Type % in the borehole 
sediments only 
% of all analysed 
sediments (surface and 
borehole sections) 
Clay 10.3 7.1 
Silty-clay 7.2 4.7 
Sandy-clay 11.8 7.1 
Silty sandy-clay 1.5 2.4 
Sum % of clayey types 30.8 21.3 
Silt 11.8 7.1 
Clayey-silt 9.3 17.3 
Sandy-silt m.8 8.7 
Clayey sandy-silt 15.2 2Z1 
Sum % of silty types 47.1 55.2 
Sand 1.5 2.0 
Silty-sand 19.1 1&9 
Clayey silty-sand 1.5 2.6 
Sum of sandy facies 22.1 23.5 
Total Number of samples 
analysed 
68 121 
8 7 
100% SAND 
• CORE OA Baghdad Lake 
X CORE 13A Hammar Lake 
& CORE ISA Luqalt Marsh 
* CORE 8A Euphrates Levee 
A CORE 10A Euphrates Crevasse Splay 
• CORE 1B Hammar Marsh 
D Dust Fall-out 
T Sus. Sed. of Tigris R. 
E Sus. Sed. of Euphrates R. 
100% SILT 
50% 100% CLAY 
Pig. 3.10 A triangular plot of the surface sediments of 
the Ahwar. They fall mainly in the silty category, 
(e.g. 9A/ number 9 indicates the station and A the core 
number) 
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Fig. 3.11 Cumulative curves of selected sediment-samples 
throughout the cores; (a) 8A (Euphrates levee) and (b) 
lOA (Euphrates crvasse-splay) showing that silt is 
dominant in these sediments as in the suspended sediments 
of the Euphrates River. 
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bioturbation. Both cores are similar in colour and have 
similar sedimentary components. 
3.5.2 Graziulometry of the freshwater lake and marsh 
sediments 
The thirteen sediments analysed from the cores 3E, 6A and 
9A, of freshwater, showed rather similar cumulative 
curves for the top 4 0 cm. Only core 9A (from Lake 
Baghdad) contained a bottom sediment layer of laminated 
clay, whereas the other two cores consist only of the 
surface organic-rich and the shelly intermediate layers. 
These differences are well reflected in the shapes of the 
cumulative curves of the sediments of the three cores. 
The two sediment samples analysed from the shelly zone of 
Lake Baghdad (9A3 and 9A4) were sandy (i.e. silty-sand) . 
This sediment type is mainly composed of molluscan shell 
fragments rather than quartz sand and some of them reach 
sizes coarser than sand (i.e. granule and gravel). On the 
other hand, sediments of the lower part of the core is 
mainly clayey of two types namely: silty-clay and clay 
(Fig. 3.12) . The sediment of core 6A (from a dried marsh 
of Lake Zechri) is covered by an organic-rich blackish 
sandy sediment for half of its length (about 20 cm). This 
is underlain by silty sediments (sandy-silt then clayey-
sandy-silt) toward the bottom. The sediment of core 3E 
from a freshwater arm, near Fuhood town, about 40 km east 
of Nassiriyya City and to the north side of the crevasse 
splay of the Euphrates River, is mainly composed of silt 
similar to the sediments of the crevasse splay and levee 
cores. It is formed of a thin organic-rich layer of silty 
sediments overlying the clayey-silt and clayey-sandy-silt 
of the lower part. 
3.5.3 Granulometry of the brackish water lake and 
marsh sediments 
Lake Hammar and its associated marsh sediments show very 
similar grain-size distribution (Fig. 3.13 a&b) . The 
sediments are mainly silty and clayey in nature. Sandy 
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Fig. 3.12 The lithological log of core 9A from Lake 
Baghdad showing the change of lithology, colour and the 
distribution of carbonate content (CaCOg %) as well as 
the total organic carbon (TOC %) throughout the core. 
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sediments occur in the surface layers of some dried parts 
of the lake (i.e. pits 17, 18 and 19 in the location map) 
and are believed to have been transported either by human 
activity or wind from the local artificial dykes. The 
silty sediments are present towards the deeper parts. The 
bottom of most of the sediment of the cores (i.e. IB, 2C, 
4D, 13A, 17P and 19P) is composed of clayey sediment. The 
cumulative curves of the above mentioned sections show 
similarities in the sediments of the top, middle and 
bottom units of each section. These three units are well 
correlated in the whole area studied (Fig. 3.14). 
3.5.4 Granulometry of the relatively saline dried 
lakes and marshes sediments 
The southwestern part of the study area is occupied by 
some dried lakes and semi-dried marshes. These areas 
usually showed higher salinity than the brackish Hammar 
lake and marshes. Thirteen selected sediment samples from 
three stations were analysed for grain size composition 
(i.e. sections 15A, 2OP and 21P). They showed some 
variations. In core 15A (from the submerged marsh of Lake 
Luquait) only clayey-sandy-silt and clayey-silt are 
present. These two sediment types were dominant in most 
of the brackish Lake Hammar and associated marshes. The 
first type dominated the upper 20 cm of the core 15A, 
while the other was the main type in the remainder of the 
core toward its base (52 cm). 
The other two sediments were from the section 20P. Both 
are sandy with the surface samples being composed of 
silty-sand and both are very rich in macro-molluscan 
shells. This section was clearly distinguished in the 
field along some recently dug canals (Fig. 3.15b). 
In the section 21P, from the Kuraiz Al-Melih area, 
further to the west than the other two, a desert ic 
contribution can be distinguished easily in the field, 
especially along the recently dug channels or pits (Fig. 
3.15c) . This contribution was quite visible in the upper 
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Fig. 3.14 Distribution of the main sedimentary units of 
the surface sediments of the Ahwar in both vertical and 
horizontal directions in the study area. 
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Aeol ian A d m i x t u r e 
Unit 1 
Fig. 3.15 Three pit-sections of the stations; 19 (a), 20 
(b) and 21 (c) showing the physical characters of the 
sediments and the differences in the nature of the 
sediment in each; muddy organic-rich in the dried part of 
Lake Hammar (st. 19); exposed coastal sand with marine 
shells (st. 20); and a section of sedimentary units of 
the surface Ahwar (st. 21) which have been affected by an 
aeolian admixture. 95 
20 cm of the pit surface sediments as a sandy-clay 
horizon of brownish and reddish colour and with a thin 
salt cover. These were repeated as a silty-sand-silt 
cycle toward the bottom of the pit (about 100 cm depth) . 
The grain size cumulative curves obtained from the mud 
fraction are of different shapes to those from the 
brackish water sediments and even the other two sections 
from relatively saline areas. These differences are 
obviously due to the very marginal location of this 
station, which has resulted in a large aeolian 
contribution. Sand dunes are common several kilometers 
west of the location of this station. The grain size 
analysis of the sand fractions of the sandy samples of 
stations 19, 20 and 21 have very similar characters (Fig. 
3.16) indicating that the aeolian sediments are the main 
contributor to the sediment budget of these western 
margins (e.g. st. 20 & 21) and are one of the two main 
sources for the other parts of Lake Hammar (e.g. st. 19). 
3.6 The Sedimentary Succession Of The Surface (Ahwar) 
Most of the analysed radiographs of the lakes and 
surrounding marshes show a similar succession, 
particularly in Lake Hammar and Lake Baghdad and their 
surrounding marshes (Fig. 3.8). This succession is 
composed of three distinct units which vary in grain 
size and composition: 
(1) A surface layer, usually 0-5 cm but up to 15 cm in 
freshwater lakes and marshes, which is always organic-
rich and is composed of silty sediments with some shells. 
(2) An intermediate layer which is composed of a shelly 
zone of bioturbated silt or clayey-silt, rich in 
macroshells, especially molluscs. This layer grades very 
gradually into the upper organic-rich sediments in the 
brackish-water areas and it is sometimes separated from 
the bottom clayey layer (Fig. 3.8c) by what appear to be 
an erosional or non-depositional surface (i.e. a hiatus). 
Interestingly, nowhere today are the sediments of layer 
(2) exposed at the surface of the lakes and marshes. They 
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Fig. 3.16 Cumulative curves of the sand fractions of 
three selected samples of the bottom brackish/marine 
sedimentary unit showing their similarity (see Fig. 1.3 
for station location). 
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are always covered with a thin organic layer (1) . It 
appears that unit 2 is mostly the same as unit 1 but has 
lost its high organic content (i.e. the result of the 
breakdown of the organics of unit 1) . Alternatively, 
layer 2 may be regarded as an earlier deposit which have 
now been replaced by organic-rich sediments because of a 
decrease in sediment supply. 
(3) A bottom layer (usually deeper than 35 cm depth) 
which is composed of laminated clayey sediment without 
macroshells. 
The succession described above can be correlated very 
well in the cores from Lake Hammar (almost of the same 
lengths) as well as between those from Lake Hammar and 
Lake Baghdad (Fig. 3.14) . The exceptions which have been 
excluded from Figure 3.14 are the levee core (Station 8 
in Fig. 1.3) and cores from Lake Zechri (freshwater) and 
its surrounding marshes (stations: 5, 6 and 7 in Fig. 
1.3). Although the sediments of the crevasse splay 
(station 10) show the same general succession with a 
variable thickness of the shelly layer (2) and only a 
very thin upper organic-rich layer (1) , while the lower 
clayey layer (3) was not reached because the core is 
short (36 cm). 
On the other hand, the sediments of stations 17 to 21 
(which are pits) show variations. The sedimentary 
successions of pits 17, 18 and 19 are similar to those 
found at other Hammar lake/marsh stations, whereas that 
of station 20 is different from the others but is similar 
to that of core 15A (station 15, Luqait saline marsh) in 
origin. They are both rich in marine fauna. In core 15A 
the sediments are clayey-silt, very rich in microfauna 
but not having any macrofauna, whereas in section 20P the 
sediments are rich in marine macroshells, hence the 
succesion is very well exposed along an old marsh channel 
(Fig. 3.15). The sedimentary section at the station 21 
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has a completely different surface character. It is sandy 
in nature at most depths, but the dominant greyish colour 
is very similar to that of the other adjacent stations, 
except its upper layer (20 cm) which is formed of aeolian 
sandy-silt. The shelly layer is rich in micro-molluscs 
and is bioturbated. 
The sediments of the freshwater lakes show some 
differences in their successions. There is a similarity 
between the lower part of cores 7B (Lake Zechri) and 9A 
(Lake Baghdad) , but the upper parts of the Lake Zechri 
and marsh sediments and the levee sediments seem to be 
different from the upper parts of the Lake Baghdad 
sediment. An additional organic-rich layer is present at 
lower depths (Fig. 3.8b) in the former to that restricted 
usually to the surface layers (such as in the Lake 
Baghdad and Lake Hammar sedimentary successions). Hence, 
the sedimentary succession from the northeastern margins 
of the study area are not exactly similar to those of the 
southwestern margins but still they show some 
similarities, particularly in their lower parts. 
3.7 Sediments Of The "Earlier" Holocene (i.e. Borehole 
Sediments) 
The laboratory analyses of the borehole sediments of the 
Holocene sequences of the Tigris-Euphrates Delta posed 
two main problems: first, the selection of the 
boreholes was according to the availability of their 
samples which had been collected in 1979-80 and were not 
stored well by the Geological Survey of Iraq; and 
secondly, the comparison of the sample descriptions with 
the logs provided showed some obvious discrepancies. The 
analysis began with the colour description of each sample 
according to the standard colour chart of the Geological 
Society of America (GSA chart) followed by other 
physical, chemical and mineralogical analyses (as in the 
following chapters: 5, 6 etc). 
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3.7.1 The colour variations 
The description of lithology and colour was carried out 
on 142 selected samples of 8 shallow boreholes 
distributed throughout the study area (Fig. 1.3, 
boreholes A to H). The sedimentary sections extended down 
to 15-30m depths and were mainly from the five boreholes: 
A, C, D, E and H. More than 130 of the sediment samples 
were analysed from these five boreholes. Ten other 
samples were collected from organic rich intervals of the 
other three different boreholes (i.e. B, F and G) . The 
sample collection was subject to availability. 
The sediment colour shows generally a low diversity 
throughout the stratigraphic sections. Most of them are 
grey (i.e. dark to pale yellowish grey and pinkish grey 
via greenish grey). Greenish grey was the prevalent 
sediment colour through out most borehole sections (e.g. 
Fig. 3. 17 of borehole C) . However, brownish and reddish 
colours were also noted. These were mainly limited to the 
lower parts (5-10 m thick) at levels deeper than 15m of 
boreholes (C, D & H) and the upper few meters of some 
others (e.g. borehole A & E). 
3.7.2 The granulometry 
The lithology of the earlier Holocene sediments varies 
throughout the same borehole or between the boreholes. It 
was obvious that muddy sediments were the most dominant 
(Table 3.2) . Sandy sediments occur but are usually 
restricted to the marginal boreholes (e.g. C & D) or the 
lower parts of some other boreholes (such as B, F. G and 
H). However the sediments of borehole E are exceptionally 
sandy in nature throughout the whole borehole section. 
The grain size analysis of 59 sediment samples selected 
from different boreholes (at various depths) showed that 
the sediments ranged from sandy to silty and clayey. 
Silty-sand was the dominant facies (22% of the analysed 
samples) followed by silt and clay: sandy-clay, sandy-
silt, clayey-sandy-silt and clayey-silt were common. 
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whereas sandy-silt, clayey-sand, clayey-silty-sand and 
silty-sandy-clay formed 5% or less of the sediment 
samples analysed. The clay, silt and sand percentages of 
each analysed sample have been plotted on the sand-silt-
clay triangle (Fig. 3.18) to show the diversity of the 
sediment types. 
The distribution of the sediment-types differ from one 
borehole to another and throughout each borehole section 
(e.g. Fig. 3.17 for borehole C). The variations along the 
boreholes are reflections of the different conditions of 
sedimentation (i.e. different sub-environments of 
deposition during various stages of Holocene time, as in 
boreholes: A, C, D and H) . Subsequent, more detailed 
analyses (such as fauna, mineralogy and geochemistry- see 
in later chapters) support the classification of the 
sequences into distinct sedimentary units of 
characteristic environments of deposition. These units 
are generally correlatable throughout the whole study 
area. Figure (3. 19) shows their horizontal and vertical 
distributions. 
3.7.3 The sedimentary succession of the boreholes 
The combination of the physical characters, petrography, 
faunal content, radiometric dating and whole rock 
geochemistry differentiates the main sedimentary units in 
each borehole group. These units can be correlated 
generally on their main sedimentary environment excluding 
the details of lithological types within each unit (Fig. 
3. 19) . It is obvious that five main units are 
distinguishable throughout the studied succession of each 
borehole. These units are: 
1. The modern sediments which are mainly fluvial clayey-
silts of brownish-red colour and are usually associated 
with gypcrete, particularly in the upper 1-3 m of the 
boreholes A and E as well as in some surface stations. 
The modern lacustrine and marsh sediments (i.e. units 1 
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in the Holocene subsurface sediments of southern Mesopotamia. The effect of 
a marine transgression is shown by the brackish/marine sed iments of the 
Hammar Formation which extends northwards to Amara and north of Nasiriyya 
(more than 2 0 0 km north of the modern Arabian Gulf shorelines). 
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and 2 of the surface Ahwar succession) mixed with fluvial 
deposits of levee and crevasse-splay (probably of older 
Euphrates course) occur at comparable depths to the 
former sediments but are mostly restricted to boreholes C 
and D. The latter have similar characters to those of the 
surface sediments of the Ahwar but with more aeolian 
contribution from the west, particularly as a sandy 
fraction. It is underlain by a thin sabkha unit (about 
0.5 m) particularly in the western marginal boreholes 
such as boreholes C and D. The aeolian contribution to 
these sabkhas was high, mainly as well rounded and sorted 
quartz grains of probable dune and mobile sand origin. 
2. The second unit (i.e. beneath the modern sediments) is 
the brackish/marine sediments of the Hammar Formation in 
each borehole. This unit was easily correlated by use of 
the microfauna, particularly the presence of Ammonia 
beccarii and Cypridies toroa (see chapter 4 for details). 
It is of variable thickness (from <5 to 7 m) in every 
borehole. The brackish/marine unit of the Hammar 
Formation covers some older sedimentary units according 
to the borehole location in the main sedimentary basin. 
3. Ancient fluvial sediments (mainly in the eastern 
margins of the Mesopotamian basin) which are rich in 
gypcretes such as those in boreholes A and E. 
4. Ancient playa sediments (towards the western margins) 
which are rich in dolomite and gypsum such as those in 
boreholes C, D and H. 
5. Ancient lake/marsh sediments (mostly in the centre of 
the main Mesopotamian basin) which are rich in organic 
matter such as those in boreholes B, F and G. 
The ancient fluvial sediments in boreholes A and E are 
replaced laterally by older playa sediments toward the 
western margins of the Mesopotamian basin (within depth 
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ranges of 13-12 m) via a lacustrine/marsh sediments along 
the depositional axis of the basin. The fluvial sediments 
are mainly sandy in nature with gypcretes dominant as in 
borehole A or with dominant detrital shelly horizons as 
in borehole E. On the western side (i,e. boreholes C and 
D) the playa unit is composed of sandy and silty 
sediments dominated by gypsum and dolomite which is 
replaced by pebbly sands of Dibddiba Formation (Pliocene) 
in the southwestern borehole H. 
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CHAPTER 4 
THE FAUNA. 
4.1 Introduction 
The nature of the study area - an extensively vegetated 
lacustrine environment, is clearly shown on the LandSat 
images, and is obviously one of high biological activity. 
Field observations have revealed an abundance of 
macrofauna in the marshes, lake margins, river levee and 
dried or reclaimed areas. Ya'acoub et al. (1981), Al-
Azzawi (1986) and Baltzer and Purser (1990) have 
described the macrofauna and also some of the microfauna 
such as foraminifers and ostracods of the area. Raji and 
Salman (1983) in their palaeontological study of the 
Quaternary of southern Mesopotamia classified many 
macrofauna and microfauna but they were unable to 
differentiate between the Holocene and older fauna, 
particularly in areas of thin Holocene sediments toward 
the western margins of the area of study. However, they 
were able to ascertain the environments of deposition of 
the sedimentary successions they studied using the faunal 
assemblages. 
4.2 The Macrofauna 
4.2.1 Identification and abundance 
The identification of macrofauna collected from five 
stations (i.e. 3, 8, 14, 18 and 19) showed that in the 
surface sediments these were restricted to three main 
families, namely: Thiarldae, Viviparidae and 
Corbiculidae. However, six different genera (namely: 
Bellamya sp., Corbicula sp., Mellanoids sp., Melanopsls 
sp.f Unlo sp. and Lymnea sp.) were found (Fig. 4.1) in 
various abundances at the five stations (Table 4.1). 
The same macrofaunal assemblage as well as others have 
been reported by Ya'acoub et al. (1981) who classified 
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Fig. 4.1 The main molluscs found in the surface 
sediments of the Ahwar; (A) Bellamya sp. , (B) Corbicula 
sp., (C) Menalopsis sp., (D) Melanoids sp., (E) Unio sp. 
and (F) Lymnea sp. 
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them according to their occurrence in the various sub-
environments of the area (Table 4.2). Harris (1964) 
described some of these species as well as others from 
rivers and lakes of central and northern Iraq. He found 
that the contents of magnesium, nitrate and bicarbonate 
in the water appear to control the distribution of 
molluscs more than salinity, temperature and other 
physical characters of the sedimentary environment. 
4.2.2 Mineralogy and geochemistry 
The X-ray diffraction analysis of the powdered samples of 
each specific species showed that they are all composed 
of aragonite. 
The geochemistry reflects the mineralogy of these 
molluscs (Table 4.3) . Ca is the main element in the 
aragonite forming the molluscan shells and this is 
followed by Sr. However, there are high contents of other 
elements such as Mg, Fe, Na, K and A1 in specific species 
such as Melanolds sp. and Menalopsis sp. The other 
species such as Corbicula sp., Bellamya sp., Unio sp., 
etc have low contents of these elements compared with the 
two previous forms. These variations in the elemental 
contents are presumably related to the geochemistry of 
the environment of shell formation which in turn is 
particularly related to the water salinity. 
4.2.3 Distribution 
The relative abundance of the macrofauna (Table 4.1) 
reflects the environmental conditions. Bellamya sp., 
Corblcula sp and Unio sp. are very common on the surface 
of the fresh and brackish marshes as well as in other 
subenvironments (Fig. 4.2a). Others such as Menaloplsls 
sp and Melanoids sp. are rarely found on the surface 
except where they have been exposed by reworking of 
earlier deposits or are exposed by artificial 
excavations. These two genera (i.e. Mellanolds sp. and 
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Table (4.2) The fauna in lake Hammer and surrounding marshes 
and the channel network of the marshes (after Ya'acoub et al. 1982) 
FAUNA LAKE MARSH MARSH 
CHANNEL 
Corbicula X X X 
Melania X X X 
Melanopsis X X X 
Neritina X X X 
Lymnaea X X X 
Planorbis X X X 
Viviparus X X X 
Unios X X X 
Hydrobids X X 
Ancylid X 
Forams X X X 
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Fig. 4.2 (A) Bellameya sp. and Unio sp. etc found on the 
surface of the marshes and lakes bottom. (B) An exposure 
along a recently dug-channel in a dried part of Lake 
Hammar (st. 18), showing Melanoids sp. and Melanopsis sp. 
restricted to a layer at 35 cm depth. (C) Station 20 
along an artificial channel showing marine faunal remains 
such as oyesters, coral fragments and molluscs. 
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Melanopsis sp.) are very common within the depth 
intervals of 15-35 cm in the studied core slabs, 
particularly in Lake Hammar and Lake Baghdad and their 
surrounding marshes. The elemental distribution showed 
that these two latter forms have relatively high Na and 
Mg contents compared to the other shells. This presumably 
reflects to some extent the salinity and chemistry of 
their environment of life and a change of sedimentary 
conditions which have taken place during sedimentation. 
On the surface of the older exposed brackish/marine 
sediments in some western stations such as st. 20 (Fig. 
1.3), a marine fauna has been found as was described by 
Baltzer and Purser (1990) from the southern margins of 
Hammar lake. 
The restricted abundance of the macrofauna in some shelly 
horizons of the studied borehole sequences and the 
limited number of the complete shells have impeded their 
classification and study of their relative distribution. 
However, many marine/brackish macrofauna such as oysters, 
echinoderms and molluscs (Fig. 4.2c) were observed in the 
borehole sections. Hudson et al. (1957), Eames and 
Wilkins (1957), Dance and Eames (1966) and Macfadyen and 
Vita-Finzi (1978) have described many marine and brackish 
species of both marofauna and microfauna at different 
depths in such successions in southern Mesopotamia (i.e. 
always south of Amara). 
4.3 The Microfauna 
4.3.1 Introduction and occurrence 
Generally, the microfauna is a very common component of 
most of the studied surface cores and borehole sediments. 
Various species of foraminifers and ostracods have been 
found and picked from more than 20 samples of sand 
fractions of the surface core sections and 30 samples of 
the borehole sediments from different depths. These 
depths were varied from the upper surface layers of some 
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cores in stations (e.g. 9, 13, 14, 15, 16 etc) to the 
base of each core of every station within the Ahwar 
sediments. The microfaunal remains are usually restricted 
to those of foraminifers and ostracods, in addition to 
some micro-molluscan shells (of very fine sand size). 
Although, diatoms, charophytes and coccoliths are also 
present. The microfauna is mainly limited to the fine and 
very fine sand sizes and coarse silt fractions. 
Some surface sediment samples from the lake were 
preserved in pure alcohol, and processed with Rose Bengal 
solution; however, these did not show any living 
microfauna among the foraminifers and ostracods within 
the bottom sediments of the lakes. This is apparently an 
indication of the restriction of the marine influence at 
present time. Of course it may have been that this 
sampling was at a time (i.e. summer 1990) when there was 
little living fauna and that if done on another occasion 
would have yielded a different result. However, no 
opportunity arose to resample the various stations. 
The microfaunal remains occur throughout the borehole 
sections from between a few meters below the surface and 
down to about 15 m depth in some boreholes (e.g. E and 
H). However, in most boreholes macrofauna, which are 
usually associated with ostracods, are found at the 
surface and these continue to be present with limited 
foraminifers in specific depth intervals of some 
boreholes down to more than 20 m depth. 
4.3.3 Foraminifers 
Foraminifers are very common in many studied samples but 
are usually restricted to the dominant calcareous species 
of Ammonia beccarrl (Fig. 4.3) (per. comm. Prof. J. 
Murray 1991). This species characterizes a brackish 
environment with marine influence such as brackish 
lagoons and wide intertidal flats (Murray, 1991). It has 
been found throughout some of the cores of various 
11 5 
Fig. 4.3 Scanning electron micrographs of two different 
subspecies of Ammonia beccarii (A & B and C & D). 
116 
4 6 0 2 9 6 7.0KV X500' " " 6 0 u m 4 6 0 2 8 5 7 . 0 
4 6 0 2 9 1 7 . 0 K V X 5 0 0 6 0 u m 
stations of the brackish and some relatively saline lakes 
such as Hammar, Shafi and Luqait and their surrounding 
marshes (i.e. stations numbered 1, 4, 11, 12, 13, 14, 15, 
16, 17, 18, 19 and 20 in Fig. 1.3), but is particularly 
abundant in the lower parts of the cores (i.e. mostly 
unit 3 of the surface succession) . Also, it was found 
only in the lower parts of the cores from the stations of 
the modern fresh water areas (e.g. st. 3, 5, 6, 7, 8, 9) 
and some other stations such as st. 10 and 21. 
However, the presence of the remains of Ammonia beccarii 
in the surface sediments of the Ahwar region, as well as 
being common in the older sediments beneath the thin 
present lacustrine/marsh sediments (i.e. unit 3 of 
chapter 3), poses a problem: whereas the presence in the 
lower horizon is understandable due to the existence of 
marine-marine marginal conditions in the area of study at 
that time. The signifigance of this species in the 
present-day surface sediments is unclear as this genera 
is present but not so profusely in the area as in the 
past presumably because the salinity is rather low. 
However, it does still exist but has not been found 
definitely living. But, as the older brackish/marine 
deposits which are rich in species can be found exposed 
in some stations such as st. 15 and 20 (see Fig. 1.3 for 
location), the erosion of these may be the source of the 
Ammonia beccarii.. etc found in the surface sediments 
rather than their presence being due to some living 
remanant population. Certainly today no marine water 
reaches into the Lake Hammar and any salinity is probably 
due to leaching or seapage from underlying deposits. 
In the subsurface, in several boreholes. Ammonia beccarii 
was found throughout but particularly within a shelly 
horizon of macroshell fragments and ostracods which 
occurred at different depth intervals within the Holocene 
Hammar Formation. 
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other identified foraminifers associated with the Ammonia 
beccarii were Elphidum sp., Rotalids and Agglutinated 
foraminifers. Agglutinated foraminifers (Fig. 4.4) were 
found in the sediments of Lake Baghdad (i.e. st. 9) , but 
not in the surface layers, and only within the lower 
parts of the core of the crevasse-splay of the Euphrates 
River (st. 10). These foraminifers were not found in any 
other stations of the study area. The Agglutinated 
foraminifers are generally good indicators of coastal 
brackish environments. It is believed that such a 
condition prevailed in these parts of the study area 
until very recent times and later changed into freshwater 
marshes and crevasse splay after the total expulsion of 
the marine influence from Lower Mesopotamia. 
Milliolids were found only in the sediments of borehole E 
at depths (15 - >16 m). However, these are believed to be 
derived (i.e. detrital in origin) from older sediments 
(per. comm. Prof. J. Murray 1991) . They are associated 
with other sandy bioclasts (Fig. 4.5) in a silty-sand 
lithotype. This lithology is probably of deltaic origin 
and was a part of an ancient Karun River delta which was 
present to the east of the location of borehole (E) . 
Milliolids have been reported as one of the main 
microfaunal components of the modern northwestern parts 
of the Arabian Gulf (Darmoian and Lindqvist, 1987; Aqrawi 
and Darmoian, 1988) . 
4.3.4 Ostracods 
These are the other common microfauna and are found in 
many sub-environments. They are restricted to a few 
genera. Cyprideis is the most dominant and is usually 
associated with Ammonid foraminifers. Within the 
Cyprideis,C.torosa (Fig. 4.6 a & b) was found to be the 
most common species (per. comm. Dr. D. Home, 1992) . This 
species indicates a wide range of brackish environments 
(Athersuch et al. 1989). 
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Fig. 4.4 Scanning electron micrograph of the 
Agglutinated foraminifera (A) with the enlargment of the 
aperture details (B) to show its siliceous test. 
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Fig. 4.5 Scanning electron micrographs of different 
species of milliolids. These foraminifers are only found 
at depth 16m and more in borehole E and believed to be 
detrital in origin (see the dissension in he text for 
more details). 
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Fig. 4.6 Scanning electron micrographs of the ostracod 
Cypridles torosa (A and B) with its characteristic 
cicular sieve-pores (C and D) . This species is a good 
indicator of a brackish/fresh environment when dominant. 
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The SEM analysis of the sieving-pores of the Cyprideis 
torosa shells shows some indication of the salinity types 
(Fig. 4.6 c & d). This technique was commonly used in the 
last decade to determine the relative salinity of the 
environment of life of ostracods ( e.g. Athersuch et al. 
1989) . There are some different types of Cyprideis which 
reflect varying salinities but most of them indicate 
fresh-brackish conditions (approximately 5-7 %Q) rather 
than pure marine conditions (per. comm. Dr. D. Home, 
1992) because their seiving pores are mostly circular 
rather than irregular. 
Other ostracods identified were Limnonythere sp. and 
Darwinela sp. but these were less abundant than Cyprideis 
torosa. 
Ostracods were very common throughout the boreholes 
associated with foraminifers from the surface to the 
deepest levels (down to > 20m depth). They usually 
indicate fresh or very brackish water conditions based on 
their seiving-pores and species types as mentioned above. 
Generally, the low abundance and diversity of the 
microfauna have made it impossible to do detailed 
analyses such as quantitaive or isotopic studies. 
4.3.5 Mineralogy of the tests of the foraminifers and 
ostracods 
The XRD analyses of both dominant species of the 
foraminifers and ostracods showed that they contain 
traces of Mg** in their calcitic shells. The d-spacing of 
the calcite of their calcitic shells was 3.013-3.014 °A 
indicating to <1 of MgCOg molecular contents (based on 
Goldsmith et al. 1955 standard curve). 
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4.3.6 Other observed microfaiina 
During the petrographical SEM analysis, many diatoms have 
been observed (Fig. 4.7), in addition to some charophytes 
(Fig. 4.8) and coccoliths (Fig. 4.9). However, these have 
not been studied or classified in detail. Diatoms and 
charophytes are restricted to the freshwater lacustrine 
sediments in both surface and borehole sediments. They 
were a very intresting components for the modern surface 
lacustrine units, particularly in the organic-rich 
sediments of the freshwater lakes and marshes. They were 
found only in the upper parts of the studied sections of 
these areas, which supports the concept that the present 
p 
sedimentary and hydromorpholgy of the study area has 
developed very recently as is supported by other results 
such as mineralogy geochemistry and radiometry (see later 
chapters: 5, 6, 7 & 8) . 
On the other hand, the diatoms and charophytes observed 
in the borehole sediments also indicate that some ancient 
freshwater lacustrine and marsh environments were present 
over some parts of the study area in the early to middle 
Holocene (such as locations of borehole B and G) before 
these area were affected by the marine influence of the 
middle Holocene transgression. 
Finally, the reported coccoliths were of ages older than 
Holocene such as Eocene to Early Miocene (Fig. 4.9), 
however it wasn't possible to classify them accurately 
(per. comm. Dr. J. Young, 1991) . Their age obviously 
indicates their origin as detrital which were supplied to 
the area by erosion of older sediments through fluvial or 
aeolian processes. 
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Fig. 4.7 Scanning electron micrographs of several 
unclassified diatoms species (A, B, C and D) which are 
mainly from the freshwater lacustrine sedimentary units 
of both surface and subsurface sediments. 
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Fig. 4.8 Scanning electron micrograph of an unclassified 
charophyte. The charophytes are used as good indicators 
of freshwater environments if present in large numbers. 
Particularly when associated with diatoms in both surface 
and subsurface sediments. 
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Fig. 4.9 Scanning electron micrographs of two 
unclassified coccolithes (c) found in older Holocene 
subsurface sediments. The probable age is Eocene -
Miocene? and were carried to the study area by either 
aeolian and fluvial processes from distant sources. 
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CHAPTER 5 
PETROGRAPHY AND MINERALOGY 
The petrography and mineralogy of selected samples of the 
allochthonous (i.e. fluvial and aeolian), recent surface 
(Ahwar) and older borehole sediments have been studied in 
order to characterise them. The results of each analysis 
are categorised as follows to simplify the correlation 
between them. 
5.1 Petrography 
The petrography of the sediments studied completes the 
description of their physical characters and faunal 
content which have been detailed previously in chapters 3 
and 4 respectively. 
5.1.1 The allochthonous sediments 
The suspended fluvial sediments are clayey-silt and the 
study has been restricted to their grain-size analysis, 
whole mineral content and clay minerals without any 
visual petrography. On the other hand, the sandy nature 
of most aeolian deposits, except for the dust fall-out, 
with their significant sand fraction content, allowed a 
study of their sand petrography by thin-section analysis 
and stereoscopic microscopic analysis. 
Most of the sand fraction of the dust fall-out is 
calcareous (Fig. 5.1a). The grains are mostly subangular-
subrounded whereas the matrix is clayey and is also 
calcareous. In contrast the other aeolian sediments 
(mobile sand sheet and dune sands) are rich in quartz 
grains which are well rounded (Fig. 5.1b). Other 
components include feldspar, dolomite and some 
evaporites. The sand fraction of these selected aeolian 
sediments is mostly composed of quartz. 
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5.1.2 Recent surface sediments of the Ahwar region 
Except for levee and crevasse-splay deposits, most of the 
sediments of the surface studied sections may be 
classified into three main units: (1) the upper coarse 
organic-rich unit, (2) the intermediate shelly-silty unit 
(both down to 35 cm) and (3) the lower clayey-silt or 
clay unit (see details in chapter 3) . The thin-section 
analysis of the sediments of the upper and intermediate 
units indicate that a uniform sedimentary composition 
occur throughout the area. In addition to the macrofauna, 
the other sandy-size components are mainly detrital 
calcareous and quartz grains, whereas the matrix is 
mainly calcareous silt and clay (Fig. 5.1c) . The lower 
units of the sections are mainly composed of silty and 
clayey sediments with only traces of sand. Microfaunal 
remains such as foraminifers and ostracods are common in 
the fine sand and are also found in the coarse silt 
fraction of these units (Fig. 5.Id). 
The examination of the sand and coarser fractions using a 
stereoscopic microscope revealed different abundances of 
the main components in the sediments of each main 
subenvironment. However, they are usually dominated by 
shell-fragments of macro-organisms, detrital calcareous, 
quartz grains and some microfaunal remains. 
5.1.3 The sediments of the boreholes 
The petrographical and mineralogical analyses of the 
older Holocene sediments, in addition to their physical 
characters and faunal contents, revealed various 
lithologies throughout each borehole depending upon the 
borehole location in the main basin (see chapter 3 for 
details about the sedimentary succession of the 
boreholes). The studied boreholes could be grouped, 
according to their location, into three groups: a 
northern group which icluding boreholes A and B, a 
western marginal group of the boreholes C, D and H, and 
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Sediments of ancient playa sandy unit of 
early Holocene (i.e. older than Haimnar Formation) which 
are common in the western margins of the Mesopotamian 
basin. (B) The main components of this unit in addition 
to quartz are gypsum (to the left of the micrograph) and 
microcrystalline dolomite (to the right). 
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an eastern group which includes the remainder (i.e. 
boreholes E, F and G) (see the location map Fig. 1.3). 
The microscopic analysis of the sand fraction of some 
selected samples from each unit in five boreholes of 
complete successions (i.e. boreholes: A, C, D, E and H) 
show the general distribution and characters of each unit 
in every location of the main basin. The ancient and 
modern fluvial units are rich in quartz grains with sandy 
and coarser gypsum crystals. They are accompanied by 
other components such as feldspars and calcareous grains. 
The ancient playa sediments, on the other hand, are 
mainly composed of quartz grains in addition to the 
gypsum which occurs as larger scattered crystals or 
cement (Fig. 5.2). These sand fractions are quite similar 
to coastal sabkha sands in composition and the quartz 
grains are well rounded in both. It is believed that both 
of these were mainly supplied from aeolian sources, 
particularly from sand dunes and mobile sands. On the 
contrary the brackish/marine sediments are characterised 
by a sand fraction rich in macroshell fragments and 
microfaunal remains. Most of the macrofaunal fragments 
are of marine molluscs, oysters etc., while the 
mic^faunal remains are mostly foraminifers and ostracods. 
The macrofaunal shelly zone (of sand size and coarser) of 
this unit is restricted to specific depths in each 
borehole in contrast to the other sandy-mud sediments 
which contain marine microfauna in the fine sand and 
coarse silt fractions. 
5.2 The Total Mineral Content 
The total mineral content was measured, from the 
quantitative XRD analyses of selected samples along each 
sampled section of the surface Ahwar sediments, 
allochthonous sediments (Table 5.1) and each sedimentary 
unit of the borehole sections (Table 5.2) . The results 
are subdivided as following into three main groups for 
detailed interpretations. 
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5.2.1 The allochthonouus (or probable source) sediments 
The analysis of three suspended sediments of the Tigris, 
Euphrates and Shatt Al-Arab rivers coupled with four 
aeolian deposit samples are considered together for the 
discussion of total mineral content. It is obvious that 
the suspended fluvial sediments, which are clayey-silt 
and have no sand fraction, are composed of almost the 
same mineral types with similar abundances. Calcite and 
quartz form more than 80% of their total mineral content, 
while the remainder is mainly dolomite and feldspar (Fig. 
5.3) . 
On the other hand, the aeolian sediments are composed of 
various minerals. The two dust fall-out samples have 
almost the same mineralogy as the suspended sediments of 
the three rivers; calcite and quartz form more than 80% 
of the total mineral content of the dust samples. In the 
dust quartz, is usually present in higher percentages 
than in the fluvial sediments. Dolomite and feldspar may 
form most of the remainder , but there is as much as 5% 
gypsum in both dust samples. The dune-sand sediments have 
almost the same mineralogy as the dust fall-out but the 
mobile sand contains more gypsum than the other aeolian 
sediments and curiously it was characterised by the 
occurrence of some Mg-calcite. 
5.2.2. The Surface Ahwar sediments 
These could be categorised according to their sedimentary 
subenvironment. The results of each distinct 
subenvironment are grouped together as follows: 
5.2.2.1 Levee and crevasse splay sediments of the 
Euphrates river 
The mineral content of sediments from these two fluvial 
sub-environments was determined from the levee core-8A 
(59 cm) and from the crevasse splay core-lOA (36 cm). The 
main minerals detected in each core were: quartz, 
calcite, feldspar, dolomite, aragonite and gypsum. The 
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first 15-20cm of each core contained 5-20% gypsum. Gypsum 
is usually associated with aragonite (from macrofaunal 
shell fragments) in the core lOA, while aragonite is only 
detected in one sample at the lower part of core 8A (56-
59 cm). Other minerals occurred throughout the two cores 
in various percentages. Both calcite and quartz are the 
main minerals in both cores. They form more than 60% of 
the total mineral content of each core (Fig. 5.4 a & b) . 
Also Mg-calcite occurred in the sediments of core lOA 
(<5% of the content) only at the depth (19-21 cm). 
5.2.2.2 Freshwater lake and marsh sediments 
A total of 33 samples of the freshwater lake and marsh 
sediments were analysed. The quantitative results of each 
are tabulated as range and arithmetic mean for each 
station (Table 5.1) . Some of the results are plotted for 
the characterisation of individual stations and in order 
to correlate them one to the other. Core 3E (from a lake 
tongue) shows the occurrence of 8% Mg-calcite in the 
surface sediments whilst: calcite, quartz, dolomite and 
feldspar occur throughout the core. The mean mineral 
contents of the sediments of the Zechri lake and marshes 
(Fig. 5. 5) can be used to summarise the whole mineral 
content of the northeastern parts of the study area. In 
the wet marshes of the lake Zechri (i.e. st. 5), gypsum 
(about 5-10%) is present throughout the whole core 
section (52 cm long) and Mg-calcite is found in two 
samples (18-20 cm and 57-59 cm) and just beneath the 
surface. It increases to about 20% toward the base of the 
core. The other mineral constituents are generally 
similar to these of core 3E of station 3 except for 
dolomite which shows a high percentage (> 30%), relative 
to the others, at a depth of 18-20 cm. To the east of the 
station 5, another two cores were analysed from station 6 
(Fig. 1.3) . The area has recently become dry because of 
the construction of an artificial dam for oil exploration 
purposes. The degradation of the extensive vegetation 
cover has resulted in the production of a blackish 
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organic-rich layer as a thick blanket above the lower 
sedimentary succession mixed with the background 
sediments. The sediments contain the same minerals as 
found at station 5. The main variations were that: 
firstly, no gypsum was detected in the sediments of cores 
6A and 6B and secondly, the Mg-calcite occurs only in the 
basal samples of the two cores. The latter exhibited more 
than one peak (i.e. was bimodel) on the XRD trace. Both 
types of Mg-calcite were together formed about 50% of the 
total mineral content. Also, aragonite occurs in one of 
the two cpres (core 6A) because of the presence of a 
large mollusc shell in the lowest sample analysed. In the 
Lake Zechri station itself, the sediments of the cores 
mostly contain the same mineral assemblage as in those 
of the surrounding marshes (i.e. st. 5 & 6), but the Mg-
calcite is restricted to the deepest sediments of the 
cores. Aragonite and quartz (in the lowest part) show a 
lower percentages than usual. The percentage of dolomite 
increases with depth and reached nearly 20% in the lowest 
part. Finally, gypsum (about 5%) was only detected at a 
depth of 35-37 cm. The sediments of this lake have a 
unique composition among the other freshwater lakes. This 
was quite obvious from its radiograph and other physical 
characters reported in chapter 3 and also by its faunal 
content (chapter 4). 
The total variation of mineral content of the sediments 
throughout the core from Lake Baghdad (core 9A station 9 
Fig 1.3), shows three different intervals (Fig. 5.6). The 
surface organic-rich samples consists of the usual 
minerals (i.e. calcite. quartz, dolomite and feldspar) in 
addition to traces of gypsum (<5%) and some aragonite 
shell fragments. The central part is curiously high in 
aragonite (>50%) . This is caused by the occurrence of 
aragonitic shells which cause the high of carbonate 
content ( expressed as CaCOg % ), of more than 80% (see 
chapter 6 for details). Whereas, the lower part shows the 
normal abundance of the four main minerals but with 
1 3 9 
C O R E 9A (Lake Baghdad) 
ip ^ ep 
Sedimentary 
100% 
% % \ A r a g o n i t e % % \ 
Fig. 5.6 The distribution of the whole mineral content 
throughout the sediments of the freshwater Lake Baghdad. 
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relatively high dolomite percentages when compared with 
the other overlying units. It reached about 30% at the 
bottom of the core (50-52 cm). 
Comparing the mean mineral content of the sediments of 
each freshwater station (as one core per station) , it is 
obvious that calcite and quartz form more than 50% of 
each core and may be >60% in some of them. Also, it is 
quite obvious that Mg-calcite is one of the distinctive 
minerals which occurred in every analysed core except 
core 9A (from Lake Baghdad). Gypsum occurs too, but 
mainly in the marsh sediments of Lake Zechri. However, it 
was also detected as traces in Lake Baghdad. Dolomite 
shows some high percentages in some cores (e.g.SA) at 
particular depths. 
5.2.2.3. The brackish-water lakes and marsh sediments 
The total of 42 selected samples were analysed to show 
the mineral content of the Hammar brackish-water lake and 
marsh sediments (including these of the dried parts). The 
sediments of the submerged wet marsh of Hammar lake, core 
IB (station 1 in Fig. 1.3) contains the usual abundance 
of the main minerals: calcite, quartz, dolmite and 
feldspar (Table 5.2) respectively (Fig. 5.7). However, 
dolomite shows high percentages in the mid-core (depth 
cm) . The recently dried parts of the Hammar lake (core 
19P of station 19 in Fig. 1.3) consists of aragonite and 
gypsum throughout the whole section of the core 
(Fig.5.7). Aragonite forms 15-20% and gypsum forms 5-25% 
of the whole mineral composition. The highest amount of 
gypsum occurs at the surface which is rich in degraded 
organic matter. Also, the dolomite shows high percentages 
just beneath the surface. The sediments of the dried 
Shafi lake (station 17) were generally similar to those 
of station 19 of Hammar lake in mineral content. However, 
only two samples were collected from this station of only 
two different units: the upper shelly organic-rich silt 
and the lower red clay. Also, the basal sediments show a 
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high dolomite content (20%) while the surface sediments 
consist of aragonite in addition to the other main 
minerals. The sediments of section 18P have almost the 
same mineral content with the exception of Mg-calcite 
which occurs as a high percentage in sample 18P3 (35-40 
cm depth). 
Along Lake Hammar (the longest and largest lake) six 
cores have been analysed from the northwestern inlet 
toward the southeastern outlet. The sediments of core 4D 
of station 4 near the northern inlet side are composed 
mainly of the minerals: calcite, quartz, dolomite and 
feldspar. Toward the central parts of the lake the 
sediments of the cores 14A, 13A and 12A are composed 
mostly of the same mineral content throughout the cores, 
except for gypsum which occurs in surface samples of 
cores 12A and 14A and also high percentages of aragonite 
which have been recorded in the upper and middle parts of 
cores 13A and 14A. Gypsum is present (about 5% or less) , 
while aragonite is present up to 20% and may reach 50% at 
particular depths (such as 12-15 cm of core 14A) . Also, 
Mg-calcite occurs in the the sediments of the last two 
cores (i.e. 13A & 14A) at depth (25-27 cm and 30-32 cm) 
and in amount of 11% and 31% respectively. The sediments 
of the stations 2 and 16 near the lake outlet consist of 
the main four main minerals, but with the exceptions that 
Mg-calcite is present at the top and base of core 2C (42 
cm long) and aragonite is found in the sediments of core 
16A at two levels (11-13 cm and 25-28 cm) in addition to 
some gypsum (>6%) at the surface. The dolomite is present 
in relatively high percentage beneath the surface at both 
stations. 
The mean mineral contents of the analysed sediments of 
the cores and pit-sections of the brackish Hammar and 
Shafi lakes and surrounding marshes are illustrated by 
pie-diagrams for correlation and comparison (Fig. 5.8). 
However, the main minerals occuring are mostly the same 
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as in many other analysed sediments of the area, but the 
difference between the cores is in the existence of some 
minerals such as gypsum, Mg-calcite and aragonite; the 
first occurs in the sediments of stations 12, 14, 16, 18 
and 19; the second is recorded in those of stations 2, 
13, 14 and 18, whereas the last is detected in those of 
13, 14, 16, 18 and 19. The presence of aragonite is 
related to the macroshell fragments which occurred within 
the analysed materials. 
5.2.2.4 The relatively saline lakes and marsh sediments 
Three stations of the sediment types which have been 
studied are located in the western and southwestern parts 
of the area. They are: 15 (a submerged marsh of the dried 
Lake Luqait) , 20 (the dried margins of Lake Luqait) and 
21 (within the Kuraiz Al-Melih dried marsh/lake). Core 
ISA of the Luqait marsh has an interesting mineral 
content of gypsum and aragonite in the upper 15 cm. This 
is associated at lower levels by a curiously high Mg-
calcite (with a double XRD peak) content. The two Mg-
calcites comprise together of about 50% of the total 
mineral content (Fig.5.9). The sediments of section 20P 
is shell-rich down to 50 cm depth. This is reflected in 
the distribution of aragonite which is 10% at the surface 
and increases to near 20% at the bottom. Also gypsum (of 
5%) occurs but only in the basal sample. Section 2IP has 
a different mineral content throughout the whole pit-
succession. Gypsum extends from the surface to the base 
(1 m depth) but decreases from about 30% to 5%. Mg-
calcite occurs only in the surface sediments (upper 20 
cm) . The sediments of the remainder of the section have 
the usual mineral contents of the four main minerals as 
do the sediments of the other Ahwar stations. However, 
dolomite increases beneath the surface layer towards the 
base (up to about 20%). 
Comparing the mean mineral contents of the three above 
discussed successions, it is obvious that core 15A has a 
1 4 5 
Depth 
(cm.) 
15A2-I 
10 
40 
15A6i 
CORE ISA (Luqait Marsh) 
Sedimentary 
Unit 
100% 
Gyp. 
Calcite 
Mg-Calcite 
Fig. 5.9 The distribution of the whole mineral content 
throughout the sediments of the relatively saline Luqait 
marsh. 
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high Mg-calcite content (41%) which is characterised by a 
double XRD peak and is different from all other analysed 
sections of the Ahwar area. The sediments of section 20P 
are characterised by the occurrence of aragonite (15%) 
while in section 2 IP gypsum occurs in high contents 
(21%) , also the dolomite is high (about 20%) compared 
with the other two stations. 
5.2.3. The total mineral content of the borehole (older-
Holocene) sequences 
The sediments of each borehole show different mineral 
contents from the surface toward the deeper parts but the 
mineralogy of each borehole reflects the previously 
described sedimentary units (i.e. the units which had 
been characterised by: physical characters, faunal 
content, and grain-size distribution, for details see 
chapters 3 and 4) , The mineralogical results will be 
discussed for these units in each of the boreholes. The 
northern sequence includes the boreholes A and B, the 
western sequence includes boreholes C and D, the central 
sequence includes E, F and G and the modern-shoreline 
sequence of the Arabian Gulf will be only borehole H 
(more likely similar to C and D). 
5.2.3.1 The western marginal sequence (boreholes C and D) 
This sequence shows desert-dominated marginal 
lithologies. Although generally the same sedimentary 
units (i.e. older playa and fluvial, brackish/marine and 
modern lacustrine/marsh etc.) can be found in this 
sequence as in the northern area but they have different 
thicknesses. 
The succession (Fig. 5.10) in both boreholes begins with a 
fluvial/gypcrete and playa sedimentary complex which is 
characterised by high gypsum content. However, the playa 
sediments are characterised also by high dolomite 
content. The two minerals form most of the mineral 
content of some playa samples in both boreholes while. 
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calcite and quartz together are the main mineral 
components of the fluvial unit. 
The sand dominated sediments of the playa sedimentary 
unit passes upward into the brackish/marine unit of silty 
sediments of the Hammar Formation, mainly at depths about 
12 m in both boreholes. Within the last unit the main 
minerals are calcite, quartz, dolomite and feldspar. 
Also, aragonite and Mg-calcite are found in some shelly 
samples of this unit. However, the aragonite is mostly of 
biogenic origin. A transitional zone has been detected 
between the former playa unit and this unit 
characterised by the abundance of a calcian-dolomitic 
sand of 1-2 m thickness. In the upper part of the 
brackish unit, a gypsiferous sandy-silt or sand marks the 
completion of this unit. The latter sediments consist up 
to 50-70% gypsum in addition to the other usual minerals. 
This facies is considered as the transitional between the 
brackish unit (6-7 m) and the upper modern Ahwar/fluvial 
unit. It is very similar to the modern estuarine sabkhas 
of northern Arabian Gulf (Baltzer and Purser, 1990, 
Aqrawi and Sadooni, 1987a) as it consists of gypsum and 
dolomite mixed with the main terrigenous (fluvial and 
aeolian) sediments. 
The modern Ahwar/f luvial unit is about 2.5 m in 
thickness. It consists mainly of shelly-silts and plant-
root remains that have suffered bioturbation. It may be 
compared with the modern Euphrates crevasse-splay and 
levees sediments which are dominated by reed marshes. The 
mineral content of this unit is generally similar to the 
mean mineral contents of the surface Ahwar sediments (as 
discussed in detail previously in this chapter); however, 
they are of different thicknesses. Calcite, quartz, 
dolomite and feldspar form the main mineral components of 
this unit. However, gypsum (up to 10%) also occurs in the 
analysed sediments. 
1 4 9 
As described above, there is a clear lithological 
correlation between the two sections on the basTs of 
their mineralogy. Particular minerals are useful 
indicators to characterise some sedimentary units and 
support conclusions from other analyses such as physical 
character and fauna) . Gypsum and dolomite are very good 
indicators to hypersaline units and aragonite and Mg-
calcite are mainly characteristic of the shelly and 
brackish/marine units respectively. 
5.2.3.2 The northern sequence (boreholes A and B) 
The samples analysed come mainly from borehole A to a 
depth of 30m together with two organic-rich samples 
available from borehole B. The sedimentary units of this 
sequence (Fig. 5.11) begin with fluvial sediments rich in 
gypcretes below about 15 m depth. This unit (about 15m 
thick) is characterised mineralogically by a high gypsum 
content and also a high quartz/calcite content. Dolomite 
may make up to 40% of some sediments, particularly in 
gypcretes. Also Mg-calcite exists in some of the 
sediments of this unit. This unit passes upwards into the 
brackish/marine unit of the Holocene Hammar Formation as 
a change in facies from sandy to shelly-silty sediments 
in calcite. Quartz shows lower contents in this unit; 
while, dolomite is still found in reasonable percentages. 
Toward the upper parts of this unit Mg-calcite (about 
20%) is found. Also, gypsum occurs in all the analysed 
samples of this unit and its percentages rise noticeably 
toward the surface of the unit, reflecting the dominance 
of the fluvial sediments to form a modern fluvial unit 
rich in gypcretes which extends to the surface. This last 
unit (about 5 m thick) is mainly composed of quartz, 
calcite, dolomite and feldspar. However, gypsum is the 
main component in the transitional samples between the 
two units (this topmost unit and the underlying unit). It 
can reach more than 30% in some intervals (e.g. 5.6m) . 
Aragonite has not been detected in any of the analysed 
samples of this sequence (14 samples). 
150 
@eiSy5v"2B*i 
W M 
a Q 
o o 
m m m 
W^M4 
0) iH O $ 
M O A 
<H O 
C O 
•H +) O Q) m 
>1 M rt +J 
C g 
-H •0 0) m 
<D -p 
tw o 
>1 tj> o iH m k fl) C •H e 
(D X! Eh 
10 
•rl h 
K K K K K o o o o O o o o o o o o CD 00 N CD LO K) CNJ 
(%) jUBCUGJ 
1 5 1 
The available sediments of borehole B are composed of 
quartz, calcite, dolomite and feldspar. In addition, 
gypsum is present in quantities of up to about 10%. The 
general mineral content of these sediments and their 
stratigraphic position coupled with the other characters, 
particularly their organic-rich nature (5 - 15% T.O.C.) 
suggests that this sedimentary interval (i.e, ll-12m 
depth) of the borehole B forms a transitional zone 
between older fluvial unit and the brackish/marine unit 
as an ancient marsh/lake unit. The organic geochemistry 
(see chapter 7 for details) and the location of the 
borehole B within the centre of the Mesopotamian foreland 
basin indicates that this sedimentary unit is a pre-
transegressional lacustrine/marsh sediments. The latter 
environment dominated some central parts of the main 
basin from 9000 years B.P. until it was destroyed by the 
succeeding marine invasion (see chapters 8 and 9 for 
details). 
5.2.3.3 The central sequence (boreholes E, F and G) 
From the boreholes of this area (in the vicinity of 
Basrah), only borehole E has been completely sampled 
while, only a few samples were available from the other 
two boreholes (F & G) . Borehole E is mainly composed of 
sandy sediments except the upper 5 meters which is 
composed of silty sediments. This reflects the high-
energy fluvial conditions which persisted in this area 
during their depositon. The mineral content of the 
sediments of this borehole was made on 12 samples (Fig. 
5.12). The brackish/marine unit in other boreholes (i.e. 
G and F) covers the older lacustrine/marsh sediments as 
in borehole B farther to the north. This is reflected in 
the total mineral content of the sandy silty facies of 
these two boreholes, especially those of borehole G. This 
shows a high organic-matter content (>1 to >4 % TOC) at 
the base which then decreased (<1%T0C) with depth (17-18 
m). These sediments are high in calcite (40-55%) followed 
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by quartz, dolomite and feldspar. Mg-calcite and gypsum 
have been only detected in the orgafiic-rich sediments 
(13.5-13.7 m) . Also, quartz is very low in the sediments 
(<10%) . The decrease of the percentage of quartz marks 
the begining of the brackish/marine unit deposition 
(silty sediments rich in shell fragments) in the area of 
the vicinity of Basrah and covering the older 
lacustrine/marsh deposits. The brackish unit of the 
borehole E is more than 8m thick and is characterised by 
a low gypsum content. The overlying unit of modern 
Ahwar/fluvial sediments is composed of silty sediments 
with a slightly higher gypsum content and a freshwater 
macrofauna. This is covered by a reddish soil of levee 
origin. This uppermost sediments is of about one meter 
thickness and is highly gypsiferous (up to 50%) . 
5.2.3.4 The northwest Gulf shoreline sequence(borehole H) 
This sequence begins with the Dibddiba Formation (pebbly 
sand) at depths of > 17 m. The Dibddiba Formation is 
overlain by a fluvial and playa complex unit of clayey-
silty-sand, from the base to about 11 m depth. At this 
depth it passes into the brackish/marine unit which is 
about 10 m thick. The uppermost unit is of silty and 
clayey sediment and is covered by 1-1.5 m of modern 
sabkha sediments. The aeolian contribution to this 
estuarine sabkha is high at the present time, 
particularly in the supratidal zone (Aqrawi and Sadooni, 
1988). 
The older playa and fluvial units of this sequence are 
both rich in gypsum (Fig. 5.13). In addition, the other 
usual minerals occur. The brackish unit is mainly 
composed of calcite, quartz, dolomite and fesldspar. 
Gypsum is also present in most analysed sediments. Mg-
calcite may form 10-15% of some individual samples in the 
lower part of this unit to become one of the main 
minerals toward the upper part. The intertidal sediments 
of the present day have almost the same mineralogy with 
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Mg-calcite as one of the main minerals in addition to the 
other usual minerals (Aqrawi and Sadooni, 1987a). 
5.3 The Clay Mineralogy 
Expandables (i.e. mostly smectite and some mixed layer 
illite-smectite) , palygorskite, illite, kaolinite and 
chlorite are the main clay minerals observed in the 
studied sediments. However, their distribution shows 
different abundances within the surface sections, 
Holocene borehole sections and in the fluvial and 
aeolian, on the one hand and in each main lithology or 
stratigraphic units on the other. 
5.3.1 Clay minerals of the fluvial and aeolian sediments 
These two sediment types are the obvious potential 
sources of the sediments which have accumulated and are 
still accumulating in the studied area. They both have 
the same main clay mineral content (Fig. 5.14). The 
quantitative analysis of the XRD results revealed that 
palygorskite, expandables, illite, chlorite and kaolinite 
are the main clay minerals of the dust fall-out and other 
aeolian sediments (Table 5.3). Expandables, illite, 
palygorskite, kaolinite and chlorite are the clays which 
have been detected in the fluvial suspended sediments of 
the rivers. Palygorskite is the dominant clay mineral in 
the aeolian and the expandables (mainly smectite) is the 
main mineral in the fluvial sediments. Illite is usually 
the third most important among the others and kaolinite 
and chlorite are usually present at levels of less than 
20% in quantity. 
Palygorskite is the most interesting clay mineral which 
occurs in the aeolian and alluvial deposits. It was well 
differentiated during the glycolation and/or 
glycepolation of the clay at 10.4 - 10.6 °A d-spacing. It 
occurs in amounts of up to 30% in the analysed dust fall-
out sediments within the <2 yum fraction clays and it may 
reach 40% or more in the <4 yum fraction. This mineral has 
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Fig. 5.14 (A) Clay mineral distribution throughout the 
sediments of six cores of the Ahwar (represented by a 
sample from the upper layer of 0-3 cm depth such as 8A1 
and another from basal 3cm such as 8A7 of the each core. 
(B) The distribution of the clay minerals in some selcted 
borehole sediments (see Table 5.3 for sample depth and 
borehole). 
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been widely reported from dust fall-out in the northern 
Arabian Gulf (e.g. Al-Bakri et al. 1984; Khalaf et al. 
1985/ Aqrawi and Sadooni, 1987a and 1988). Also it occurs 
in the sediments of the other regions of the Arabian Gulf 
(Akio and Ounim, 1977; Stoffers and Ross, 1979, etc.). 
Palygorskite makes up to 25% in the <2 yum fraction and 
may reach more than 30% in the <4 yum of the suspended 
sediments of the Tigris, Euphrates and Shatt Al-Arab 
rivers. Suprisingly, it was not mentioned as a clay phase 
in the suspended sediments of the three rivers by Berry 
et al (1970) . However, Aqrawi (1989b) detected 
palygorskite in the suspended sediments of the Tigris 
River and bottom sediments of some lakes in northern and 
central Iraq. 
5 3.2 The clay minerals in the Ahwar sediments 
The same clay minerals mentioned above are found in the 
<2 yum clay fraction of the Ahwar sediments of the various 
sub-environments (Table 5.3). It is quite obvious that 
smectite (i.e. expandables in general) represents the 
most dominant mineral (usually of 30% or more) among the 
others, particularly in the surface lacustrine sediments 
(i.e. organic-rich and shelly sedimentary units). While 
the other clay minerals can vary in abundance notably 
toward the base of the sections of the Ahwar sediments. 
This is well seen as regards the palygorskite, 
particularly in the brackish and relatively saline lake 
and marsh sections. Illite showed almost the same 
abundance from surface to the base (20-25%), kaolinite 
and chlorite occur at a level of <20%, but chlorite may 
fall to <5% toward the base of some sections (Fig. 5.4A) . 
In the Ahwar sediments, as in the fluvial and aeolian 
sediments, palygorskite is an interesting mineral. 
However, although Abdulla (1982) failed to report 
palygorskite in Lake Hammar and surrounding marsh 
sediments, it has been described subsequently by others 
(e.g. Ya'acoub et al. 1981; Al-Azzawi, 1986; Baltzer and 
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Purser, 1990), The notable increase of palygorskite in 
abundance from the surface toward the base of most 
studied sections (i.e. from 10-20% to 15-35%) in various 
sub-environments in general suggests some authigenic 
development in the sediments of the Ahwar region, 
particularly in the sediments of the brackish and saline 
lakes and marshes and this is supported by the SEM 
results which have been made later. 
5.3.3 The clay minerals in the borehole sediments 
The similar assemblages of clay minerals reported from 
the fluvial, aeolian and Ahwar surface sediments have 
been found in the samples analysed of the sediments of 
different borehole sequences of the area. The 
distribution of clays throughout each sequence showed 
different quantitative abundance of each mineral in each 
sedimentary unit (such as playa, brackish/marine and 
fluvial units). The abundance of clays has added another 
characteristic feature to each stratigraphic unit in 
addition to other sedimentological characters (Table 
5.3) . 
Smectite and illite are the dominant clay minerals in the 
older fluvial units and the brackish/marine unit of the 
borehole sequences. These are followed by palygorskite, 
kaolinite and chlorite. Playa and sabkha units on the 
contrary show the dominance of palygorskite followed by 
smectite, illite, kaolinite and chlorite (Fig. 5.4B). 
As in the surface sediments, palygorskite may be 
considered also as the most interesting mineral in the 
borehole sediments. This mineral is usually presents in 
most analysed sediments. The quantitative analysis of the 
XRD results showed a general increase of palygorskite in 
abundance throughout each borehole sequence toward the 
deeper parts. This increases downwards usually amounts to 
a doubling of: 15-20% (at the surface) to 30-40% with 
percentages of more than 40% at some specific depths. The 
1 6 0 
sediments of these levels either belong to playa unit in 
the lower parts or sabkha and fluvial-gypcrete units in 
the upper parts of the borehole sequences. The additional 
amounts above the background abundance of palygorskite 
(about 2 0% average) probably again reflect an authigenic 
origin too as in the Ahwar sediment sections. The change 
of environmental conditions, particularly pH and salinity 
in addition to availability of Mg ions are believed to be 
the main reason for palygorskite formation (Aqrawi, 
1993a), However, the above mentioned conditions might be 
developed either by the historical changes of weather or 
by local geochemical changes before and after the marine 
influence on the area. 
5.3.4 The SEM analysis of clay minerals 
The analysis of more than 40 samples by scanning electron 
microscopy (secondary imaging mode) and more than ten 
clayey thin-polished sections by backscattered imaging 
revealed faster information on some clays. Some of these 
clays (mainly palygorskite and smectite) can be 
classified as authigenic because of their euhedral shapes 
(Fig. 5.15 a & b) , while most of the other clays are 
anhedral and are detrital. The latter occurs as anhedral 
aggregates (Fig. 5.15c). The authigenic palygorskite 
(with its fibrous character) shows very well crystallised 
fibers, particularly in the brackish and saline sediments 
of the modern surface sediments of the Ahwar and other 
older evaporitic sediments of the borehole sequences such 
as these of playa and sabkhas which also have a high 
gypsum and dolomite content. The backscattered SEM 
analysis shows that the palygorskite in these sediments 
occurs as nests for the dolomite micro-rhombrohedra 
(Fig.5.15d), while palygorskite fibers wrapping around 
the dolomite crystals. Dolomite has been detected by 
thin-section analysis of the same samples and they both 
together form the matrix for some Holocene playa and 
sabkha sandy facies which are usually associated with 
gypsum. 
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Fig. 5.15 Scanning electron micrographs showing the 
detrital clays (A) dominating the muddy sediments of the 
Ahwar. (B) The authigenic clay minerals are mainly 
palygorskite which is usually associated with dolomite 
and gypsum and (C) smectite. (D) The backscattered SEM 
image of the authigenic paylygorskite (P) and dolomite 
(D) can be used in the quantitative analysis of their 
elemental contents. 
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5.4 Other Aut.higenic Minerals Detected By SEM Analysis 
As most of the studied sediments are muddy, SEM 
examination was one of the most useful tools in studying 
these sediments. By the SEM analysis of more than 40 
samples from different environmental and stratigraphic 
settings many interesting micro-components have been 
distinguished. The components ranged from biogenic (such 
as diatoms and charophytes) to authigenic minerals. The 
last were of several types such as sulphides (e.g. 
pyrite), carbonates (e.g. Mg-calcite, dolomite, etc) 
silica, and evaporites (e.g. gypsum and halite) in 
addition to the clay minerals which have been already 
discussed. 
5.4.1 Pyrite 
Pyrite is one of the most abundant authigenic mineral 
detected in the studied sediments. It occurs as cubic 
euhedral rhombs and framboidal clusters (Fig. 5.16) in 
samples of various sedimentary units. However, it is 
concentrated in organic-rich sediments of both surface 
Ahwar sections and older Holocene borehole sections. The 
formation of pyrite is easier to understand than that of 
some other authigenic minerals such as dolomite. The 
studied sediments are generally rich in iron (Fe range is 
0.26-4.43% with average of 3.38%), while sulphur can be 
produced in the reducing conditions of the sedimentary 
environments by bacterial decomposition of organic matter 
or sea-water, particularly in the lacustrine/marsh and 
lagoonal settings respectively. The latter environments 
used to prevail in the area of study during the Holocene 
and continued in the modern times as lacustrine and marsh 
(Ahwar) in large parts of Lower Mesopotamia. 
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Fig. 5.16 Scanning electron micrographs of the 
authigenic pyrite in cubic (A) and fromboidal (B, C & D) 
forms. Pyrite is found in both surface and subsurface 
sediments of the area of study, particularly in the 
organic-rich sediments. 
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5.4.2 Ca-Mg carbonates 
These included dolomite, low-Mg calcite and Mg-calcite. 
Dolomite forms about 10% of the whole sediment mineralogy 
of the detrital input to the study area (i.e. fluvial and 
aeolian), but additional amounts are supplied by the 
authigenic formation in both surface and subsurface 
sediments of the area. Many dolomitic samples (of >10 and 
up to 50% dolomite) have been examined by SEM analysis to 
study the nature and elemental content of the dolomitic 
crystals. It was found that most of the dolomite crystals 
occur as well developed euhedral rhombs (of <5 yam to >10 
um in size) despite the differences of genesis or 
occurrence, in particular sedimentary unit (Fig. 5.17), 
what is important is the association of authigenic 
palygorskite clays with the authigenic dolomite crystals 
reflecting their syngenesis. 
The geochemical analysis of the dolomite rhombs of 
different sources, using the backscattered imaging SEM, 
shows its calcian nature (containing 56-61% CaCOg), 
whereas the stable isotopic analysis shows it to be 
mostly depleted in the oxygen isotope (+4.452 to 
8.133%). The genetic environment for the occurred 
dolomite ranged between evaporitic inland ponds (i.e. 
playas fed by either Mg-rich groundwater or occasional 
sea-water), to well mixed fresh and sea waters in 
brackish settings via coastal sabkhas, particularly in 
the western marginal areas of the Mesopotamian basin (for 
detailed geochemistry see chapter 6). 
The XRD analysis results revealed two types of authigenic 
calcite (of 2-6% MgCOg and 10-17% MgC03% respectively) 
within some sediment samples, particularly those from the 
brackish/marine unit of the surface and subsurface 
sections. The SEM analysis of several selected samples, 
which were separated into different size-fractions (i.e. 
<4 yuim, <8 yum, <16 /im and <32 yum) by pipette analysis 
showed euhedrals crystals of both authigenic calcite 
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Fig. 5.17 Scanning electron micrographs of the 
authigenic dolomite in sabkha (A) and playa (B) units of 
borehole C, note also the fibrous palygorskite. The 
dolomite associated by palygorskite forms the matrix (M) 
in the sandy facies of playa units which is dominated by 
quartz (Q) and gypsum (G). On the other hand, because of 
the micro nature of the other cabonate authigenic mineral 
(low-Mg calcite), it was only detected by XRD analysis 
and the transmited electron microscope (TEM), see the 
large arrow in (D) where it is also associated with 
palygorskite fibers (small arrow). 
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types but mainly varied in size (Fig. 5.14 e & f) . Mg-
calcite is widely reported as a Recent cementing mineral 
in arid areas, even in the Arabian Gulf (e.g. Lareau and 
Purser, 1973; Aqrawi and Darmoian, 198 6), but the calcite 
(of >5% MgCOg) is here reported for the first time in the 
northern Arabian Gulf as microcrystalline rhombs usually 
of < 1 yUm. However, Baltzer & Purser (1990) and Ya'acoub 
et al. (1981) mentioned the formation of calicium 
carbonates in the freshwater lakes of the study area, but 
without giving details of the mineralogy, petrography and 
geochemistry. Aqrawi (1987) discussed the presence of Mg-
calcite cement and the supression of aragonite in 
northwestern Arabian Gulf and has suggested this due to 
the temperature of the seawater (never exceeding 25 °C in 
summer). Nevertheless, the location of the study area 
within the high latitude setting (Milliman, 1974) in 
addition to the freshwater influxes supplied to the study 
area during earlier Holocene and modern times which has 
changed the water into brackish are two other additional 
factors. The geochemistry of these samples, particularly 
the Mg- calcite and dolomite and 0 and C isotopic 
analysis have helped in the interpretation of their 
genesis (chapter 6). 
5 .4.3 Silica 
Silica has been found filling or coating plant micro-
roots in some specific organic-rich samples. The source 
of this silica is unknown but it may be authigenic 
comparable to the ordinary silicification of coals and 
peaty woods as the dissolution and precipitation of 
siliciclastics by the action of organic acids produced by 
the organic degradation. This latter mechanism could be 
the main reason for the lesser abundance of the silica 
(e.g.quartz) in some Ahwar sediments, particularly in the 
organic-rich, when it was compared to its abundance in 
the source materials (i.e. fluvial and aeolian). 
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5.4.4 Evaporites 
Gypsum is the main evaporitic mineral observed by XRD 
analysis. It is easily observed in the modern intertidal 
zone of northern Arabian Gulf as fine crystals and up to 
5 cm in size. It has been reported to be formed just 
beneath the water-table in the Khor Al-Zubair intertidal 
flat (Aqrawi and Sadooni, 1987a) . It is also observed in 
the sand fractions of many alluvial sediment samples of 
the boreholes which are characterised by gypcretes. 
Gypsum is usually associated with some dolomite in the 
sediments of the study area and can be found also in 
organic-rich sediments. The main occurrence of gypsum is 
usually in the evaporitic playa/coastal and fluvial 
gypcretes units of the older Holocene sediments (e.g. 
boreholes C and D). However, it has been observed in some 
organic-rich strata, but it is probably of secondary 
origin in those . Also the gypsum represents one of the 
main mineralogical components in the modern and ancient 
fluvial gypcrete units, particularly in the boreholes (A) 
and (E) 
Halite crystals have been observed in some surface 
samples. But it is only observed in the surface salt 
crust of both the Ahwar and intertidal flat areas. 
The evaporitic (i.e. gypsiferous) deltaic sediments of 
northern Arabian Gulf, particularly the sabkha type, have 
been considered as a Recent analogue for the upper unit 
of the Miocene evaporitic sequence of the Mesopotamian 
Basin (Aqrawi, 1993c). 
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CHAPTER 6 
INORGANIC GEOCHEMISTRY AND OXYGEN-CARBON STABLE ISOTOPES 
The main purpose of the inorganic geochertiical analyses 
was to characterise each sedimentary unit of the Recent 
surface sediments of Ahwar and the older Holocene 
sequences of southern Mesopotomia. This elemental 
analysis was intended to assist the characterisation of 
units already distinguished by environmental and 
petrographical analyses. The elemental composition should 
reflect the mineralogical content of each sedimentary 
unit and the diagenesis it had undergone. Together, these 
may help to determine the sediment sources and also the 
geochemical factors which influenced the formation of 
some authigenic minerals within the sedimentary units. 
The analysis was carried out at various stages. Initially 
three cores were selected for analysis: one from the 
freshwater Lake Baghdad (core 9A) , one from the brackish 
water Lake Hammar (core 13A) and the third from the 
Hammar Marsh (core IB). Samples taken every 2-3 cm were 
analysed for each core-section. This was followed by the 
analysis of another batch of 21 surface samples (0-3 cm) , 
from various stations in the Ahwar with four fluvial and 
aeolian samples. Two more batches of older Holocene 
sediments from the borehole sequences were also analysed. 
In addition many samples of the shells of macro-organisms 
of identified molluscs were analysed individually. Also, 
a batch of <2 micron fractions of 12 selected samples 
were analysed. 
6.1 The Three Detailed Surface Cores Of The Ahwar 
The results of the analysis of the three cores (i.e. 9A, 
IB and 13A) are tabulated (Table 6.1) as percentages for 
the major elements and in ppm for the trace elements. The 
range, and arithmetic mean values, for every element in 
each core and for the three cores are presented. Two 
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geochemical mudrock standards were included in the table 
in order to compare the results with the average 
composition of standard deposits. 
The core samples were generally very rich in Ca and Sr 
and rich in Mg, Ni and Cr. Whereas, Ca, Sr and Mg 
enrichment can be related to the high carbonate content 
of the Ahwar sediments, particularly in the samples of 
the shelly zones of the cores: the Ni and Cr were quite 
abnormal in their abundance and cannot be easily 
explained. However, most of the other elements had very 
similar values to those of the standard mudrocks. Some of 
the sediment-samples were very low in elements such as K, 
Al, Ti, V, Zn and Cu, while elements such as Fe, Mn, Na, 
Co, Pb and P. were higher but still lower than the 
standards. This might be due to high carbonte contents, 
while the values were not re-calculated on the carbonate-
free basis. 
On the other hand, differences were found between the 
three cores themselves and also between the freshwater 
core sediments (9A) on one hand and the brackish-water 
sediments (IB and 13A) on the other (Table 6.1) . While 
the brackish water cores were richer in Mg, Al, Ti,Fe, V, 
Co, Cu and Zn; the freshwater core shows high contents of 
Ca and Mn. However, Ni and Cr show high concentrations 
in sediments of both types of environments. When the 
results are plotted against depth, the elemental 
composition throughout each core does not reflect clearly 
the variations of the sediments of the cores which have 
been differentiated petrographically into various units 
except in the case of core 9A of the freshwater Lake 
Baghdad (Fig. 6.1). The distribution of each element 
seemed to be uniform throughout the analysed cores, 
except for Ca and Sr which showed high values at specific 
depths and were usually characterised by high carbonate 
contents due to the presence of aragonitic shells. 
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Fig. 6.1 The distribution of some major elements 
throughout two cores of Lake Baghdad (A) and Lake Hammar 
(B) which were analysed continously from the top to the 
bottom. The differentiation of the sedimentary units in 
these two surface-core charts is uncertain, particularly 
in core 13A of Lake Hammar (B) . 
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6.2 Statistical Analysis Of The Element Distribution Of 
The Three Ahwar Cores Results 
In order to investigate the relations between the samples 
of each core along the section based on their elemental 
contents on the one hand and between the elements 
according to their distribution in the samples on the 
other, a multivariate statistical analysis of the 
composition variations was applied to the results of each 
core separately. The multivariate statistical package 
(i.e. MVSP) used was that of Kovach (1990). Then the same 
statistical technique was applied to the combined results 
of all three cores together to find any inter-elemental 
relations between the sediments from the cores of the 
different sedimentary environments. 
The application of several statistical analyses of the 
package on the tabulated data of the cores, showed that 
correspondence analysis is very meaningful in grouping 
the sediments deposited under the same environmental 
condition (Spicer, 1975) . However, the cluster analysis, 
using the unweighted groups method of distance similarity 
matrix, also identifies the same groupings, but more 
clearly as dendrograms. The cluster analysis was prefered 
for the presentation of the results as it has been proved 
to be very applicable with distance similarity 
coefficient in facies analysis based on the 
environmentally-related components (for details see 
Harbough & Merriam, 1968; Khaiwka et al. 1981; Aqrawi & 
Darmonian, 1988; Aqrawi & Khaiwka, 1989). Other analysis 
such as principle component analysis showed less ability 
to separate the data into groups. The greater 
differentiation produced by both correspondence and 
cluster analyses may be due to the principles of the 
analysis itself as it dealt with the elemental contents 
on the basis of percentages rather than normally 
distributed data. So either cluster or correspondence 
statistical analysis was applied to every batch of the 
geochemical data as follows: 
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6.2,1 Statistical analysis of the elemental data of core 
9A (Baghdad lake) 
The application of the correspondence and cluster 
analyses to the raw data of 17 elements for 2 6 samples of 
core 9A showed four main groups of the samples from the 
top to the base of the core (Fig. 6.2). Group (1) 
included all the samples from the top to 22 cm depth. 
However, two subgroups could be recognised outside but 
obviously related to the main group in correspodence 
analysis (i.e. a & b) . Also, two other groups of the 
samples could be differentiated within the samples of 
intermediate layer of the core (i.e. groups 2 & 3) , but 
three samples showed very weak relations either to either 
of these groups or to the former surface layer group 
(group 4) . The bottom samples of the core have been 
combined together as another group of tied relations. 
Comparing the grouping of the samples of core 9A to the 
physical character, faunal content and petrological 
analyses (i.e. chapters 3, 4 and 5) it is clear that each 
group can be related to a specific sedimentary facies. 
The groups are more recognisable in the cluster analysis 
dendrogram using the depth figures as the sample numbers 
(Fig. 6.3) . Group I mainly includes the organic-rich 
samples with very high TOC% contents at the core surface 
(up to 15% TOC) , while group III (group 4 in Fig. 6.2) 
correlates with the clayey laminated samples at the 
bottom of the core. The intermediate group II (i.e 2 and 
3 in Fig 6.2) can be correlated with the intermediate 
sedimentary unit of the core with different 
sedimentological parameters, both depositional and 
diagenetic. On the other hand, the weak relations of the 
samples 17, 19 and 21 to one another and to the remainder 
of the components of the groups is related to the high 
faunal contents of these samples. 
The grouping of the elements of core 9A showed one main 
group including most of the elements (i.e. Mg, K, Al, Fe, 
Ti, V, Co, Ni, Cu and Zn) in both types of statistical 
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Fig. 6.2 The grouping of the samples of core 9A (like 
Baghdad), using the Correspondence Analysis, is mainly 
controlled by the nature of the sedimentary units which 
changes by depth, with few exception such as samples 17,19 
and 21. Each sample is named by the equivalent depth (cm). 
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Fig. 6.3 Cluster analysis dendrogram of the sediment-
samples of core 9A (Lake Baghdad) showing the grouping of 
the samples in clusters based on their sedimentary 
environment as in the Correspondence Analysis. 
(the numbers are depths of the samples in cm) 
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analysis. Other elements showed weak relations to this 
group including Na, Cr, Mn, P and Ca, Sr (Fig. 6.4). 
However, the latter two elements are present as very high 
contents (due to high carbonate content of the sediments) 
compared with the remainder of the batch elements. Na, 
Cr,P and Mn also showed slightly higher contents than 
normal compared with those of the main group. The main 
anomaly was shown by Pb which had very weak relations 
with. the other elements. The main group shows the mud-
rock elemental contents which characterised the sediments 
of the Ahwar in general (Fig. 6.4). 
6.2.2 Statistical analysis of the elemental data of core 
13A (Hammar Lake) and IB (Hanmar Marsh) 
Applying the correspondence and cluster analyses to the 
raw elemental data of the sediment-samples of cores 13A 
and IB also showed three groups of samples from the top 
to the bottom of the core. The groups are also related to 
the facies distribution as in the former core (Fig. 6.5). 
The sample groupings in core IB (in contrast to those of 
core 13A) showed that groups interaction. This may be due 
to the distribution of the organic-matter in the 
sediments by both bioturbation and penetration of plant-
roots which are both distinct characters of the marsh 
sediment. The lithological change is very limited along 
the core section, most of the sediment is silty apart 
from several centimeters at the bottom which are composed 
of clayey laminated sediments. 
On the other hand the element grouping in the two cores 
showed almost the same main groups as in core 9A (Fig. 
6.4) . 
6.2.3 Statistical analysis of compiled geochemical data 
of the three cores 
The compilation of the results of the three cores (i.e. 
9A, 13A and IB) was subjected to the same statistical 
correspondence analysis which has been applied 
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Na Zn PbCr P Mn Cu Ni Co Fe Ti V Al K Mg Sr Ca 
Fig. 6.4 Cluster analysis dendrogram of the elements 
used in the geochemical analysis (ICP) for core 9A 
showing the clustering of most of the elements as one 
main cluster reflects the muddy nature of the studied 
sediments. Exceptions are those of the Ca and Sr grouping 
which is due to the high carbonate contents, Zn and Pb 
which can be pollutants and Na which is due to salinity 
fluctuations. 
(N.B. all of the analysed batches for both surface and 
subsurface sediments show the same dendrogram of the 
elements clustering) 
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individually to each of them in order to mark any inter-
relationships between the sediments of the cores. The 
graphs obtained showed some grouping of inter-
relationships but this was mainly between the samples of 
the upper and middle sedimentary units of the three cores 
(Fig. 6.7) . The samples from each core showed special 
groupings but in a different order from those obtained 
when the tests were applied to each core individually. 
For example, five groups of samples can be recognised in 
core 9A namely: 9A1-9A4, 9A5-9A8, 9A9-9A11, 9A12-9A15 and 
9A16 - 9A2 6 but as two main subgroups of 9A16-9A19 and 
9A20-9A26 (see Appendix 6.1 for the depth and elemental 
content of each sample) . But the core 13A has kept the 
same groupings of its three main sedimentary units. This 
does occur in the core IB, however the sample grouping 
was slightly different when compared with the previous 
applications. 
Generally there is no clear grouping of sediments of the 
same lithological type from different cores. For example, 
most of the sediments from the lower clayey part of each 
core did not group but showed different groups from each 
core. However, they are usually distinctive from the 
other sediment samples of the same core (e.g. samples: 
13A24, 25 and 2 6 of core 13A and 9A24, 25 and 2 6 of core 
9A) . This reflects the difference in character of the 
sediments of the basal unit of each core from the upper 
units but also indicates differences in the basal layer 
between cores. On the other hand, the grouping of the 
elements is almost the same as when applied individually 
to each core (Fig. 6.6) showing the good relations 
between the same elements despite the sample selection 
for each batch analysed. 
6.3 Geochemical Association Of The Element Of The 
Fluvial, Aeolian And Surface Sediment Of Ahwar 
The results of the anlayses of the surface sediments for 
each station are tabulated with the alluvial and aeolian 
180 
BolB 
3a13 I— 9o24 1i-9B25 I—9o26 r-1b1B pP-ibie 
H '—1b19 ' 1b17 Ibl 
1Ja14 rI3O1B 3a17 I— 13a 18 13019 13020 13021 13o22 13a23 
13D15 13024. 13n?S 13029 
13a10 
Fig. 6.6 Cluster analysis dendrograms of the compiled 
samples of the three detailed cores (i.e. 9A, 13A & IB) 
showing limited inter-relationships between the main 
units of the cores. «f or depth details see Appendix 6.1,28t3» 
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samples for comparison (Appendix 6.4) and many elements 
are plotted individually as 'tSoplertk. -maps to show their 
modern distribution and also to show the environmental 
risks of each environmental setting. This helps the 
interpretation of the elemental distribution. For example 
Na gives a good reflection of the salinity distribution 
such as fresh toward the northern margin of the 
freshwater lakes and marshes, brackish in the southeast 
particularly Lake Hammar and its surrounding marshes and 
more saline in the southwestern parts including dried-
parts of Lake Hammar, Lake Luqait and Kuraiz Al Melih 
area. Other elements such as Fe, Al, Ti and K usually 
increase toward the southern margins of the area. The 
trace elements also show different distributions; 
generally Zn, Mn and P increase toward the outer margins 
in every direction, while Pb decreases in the same 
direction. Ba and V increase mainly toward the southern 
margins. Sr and Ca usually showed high amounts in the 
centre of the studied lakes, reflecting the main source 
of aragonite in the area as the molluscan shell fragments 
which accumulated abundantly in the present-day lake 
floor. Cr and Ni showed the same distribution as each 
other, then both increase toward the southern margins, 
particularly to the south west.Also, Ni shows some 
increase toward the northern margins, while Cr decreases 
in this direction. This is thought to indicate that Ni 
source is derived from both the potential sources (i.e. 
fluvial and aeolian), whereas Cr has mainly an aeolian 
desert source (Table 6.2). 
On the other hand, the plotting of some other elements 
from the detailed cores (i.e. 9A, 13A & IB) such as Al, 
K, Fe showed linear relationships and reflected the muddy 
and clayey nature of the Ahwar sediments (Fig. 6.7a). 
Other elements such as Ca, Sr and Mg showed positive 
relationships too, but reflectng the high calcium 
carbonate occurrence in the sediments (Fig. 6.7b). 
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Table 6.2: The distribution of Cr and Ni (in ppm) in the 
different Ahwar subenvironments in addition to the potential 
sediment source 
Location 
Cr 
Range 
Mean Ni 
Range 
Mean 
Euphrates levee 115 - 221 161 110-144 123 
Crevasse splay 108 - 135 123 145 - 215 182 
Freshwater 
lakes 
12 - 122 89 14 - 162 91 
Brackish-water 
lake 
59 - 181 118 107 - 215 157 
Marshes 90 - 123 107 120 - 163 139 
Dried 
lakes/marshes 
114 - 130 119 88 - 118 104 
Relatively 
saline dried 
lakes 
65 - 183 121 66 - 89 82 
* Alluvial 
(Tigris/Euphrat 
es suspended 
sediments) 
102 - 130 113 163 - 229 186 
* Aeolian 
Dust fall-out 
226 - 299 277 138 - 156 147 
* Mobile/Dune 
sands 
160 - 194 172 86 - 134 111 
* Their concentrations in the potential sediment sources 
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6.3.1 The statistical analysis of the geochemical results 
of fluvial, aeolian and surface sediments 
The cluster analysis of the above results of the surface 
sediments of the Ahwar and the fluvial and aeolian 
sediments shows no interesting relationships between the 
stations themselves and the potential sediment source 
materials. Statistically the analysed sediments show some 
variable relations: the fluvial suspended sediments have 
a weak relationship with the others except for the 
sediments of stations 2 and 11 and the aeolian sediments 
(Fig. 6.8) . On the other hand, the main group includes 
the samples of most of the remainder of the stations. 
Only the surface samples of stations 7, 19 and 21 had 
relatively weak relations with the others. The grouping 
of elements was mostly the same as in the previous 
manipulations. 
The clustering of stations 2 and 11 with the fluvial 
sediments may may have several explanations: the 
sediments of station 2 may be considered as an old levee 
deposit of the Shatt Al-Arab on the basis of the 
petrological analysis while the surface sediments of 
station 11 are probably affected by the sandy fluvial 
sediments as they are near to the site of an artificial 
dike construction. 
6.4. Geochemical Analysis Of The Borehole Samples 
The borehole samples showed varied distribution in each 
borehole depending on the sedimentary units. More than 
forty borehole samples have been analysed to investigate 
the geochemical association in the older Holocene 
sediments. However, only in borehole C was the whole 
sequence well covered by 12 selected samples from the 
surface down to a depth of about 20 m (Appendix 6.5) . 
Samples selection from the other boreholes was according 
to availability but there was at least one sample from 
each sedimentary unit. The analyses show most elements 
occur in similar abundances (i.e. Ca, Mg and Sr) in most 
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Fig. 6.8 Cluster analysis dendrograms of the surface 
sediments" of each station with the potential source 
sediments (i.e. suspended fluvial of the Tigris=T and 
Euphrates=E with aeolian dust from Basrah=B and Qurnah=Q) 
showing no tide relatioships between modern surface 
sediments of the Ahwar and potential source sediments. 
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analysed samples, while some other elements vary 
according to the sedimentary unit and the borehole 
location. 
6.4.1 Statistical analysis of the older Holocene 
sediments of borehole C 
Applying cluster analysis to the elemental results of 
borehole C separately showed interesting groupings and 
relationships between the sediments (Fig. 6.9). Most of 
the sediments may be considered as one main group with 
several subgroups, except the sediment of samples BC6, 
BC9 and BC21. These three sediments are from a sabkha 
unit, coastal marsh (organic-rich) unit and some ancient 
fluvial unit at the base of the sequence respectively. 
The main group can be divided into three main subgroups: 
one included BCl, BC3, BC4 and BC7 (mostly similar to the 
modern Ahwar deposits). The other two subgroups included 
the sediments BCll, BC13 and BC14 (brackish/marine unit) 
which overlie the sediments BCl 7 and BCl 9 as another 
subgroup of an older playa unit (highly dolomitised 
unit). So the differentiation appears to be mostly 
environmentally controlled if the three anomalous samples 
discussed above are excluded (i.e. sediment-samples BC6, 
BC9 and BC21). 
The application of the same statistical method as applied 
to the surface samples to the elemental relationships, 
revealed the same relationships as in core 9A (Fig. 6.4). 
6.4.2 Statistical analysis of the compiled results of 
the borehole samples 
Cluster analysis was applied to the results of all the 
analysed sediments of the boreholes (total of 42 
samples) . The main purpose of this application was to 
see if there were any inter-relationships between the 
sediments of the various boreholes, either within the 
same sedimentary unit or in different ones. 
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Fig, 6.9 Cluster analysis dendrograms of the sediment-
samples of borehole C showing clear differentiation of 
the different sedimentary units of the Holocene sequence, 
(sample numbers are depth figures) 
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The results show some interesting relationships between 
the sediments in general and also between the sediments 
of the specific sedimentary units in particular (Fig. 
6.10) . The main group of sediments included, the Ahwar 
type sediments, namely: BDl, BC4, BC7, BC9, BD9, BAIO, 
BA18, BFl, BF4, BF6 and BDll as the main group with 
sediment-samples BAl, BE4, BC13, BA6 and BCll showing 
weaker relations to the main group. However, as the Ahwar 
type samples dominate the group the existence of some 
sediments such as BDll and BA18 or BC14 and BCll which 
are not Ahwar type sediments within this group is 
anomalous. Other small groups can be differentiated 
within this group such as; BA14, BA16, BC14, BC21, BD21, 
BE2 (mainly of brackish sediments) ; and BH2, BH7, BHIO, 
BH17, BH27 and BDl6 (as modern and older Holocene pure 
marine sediments of today's Gulf in the northwestern 
intertidal flat area) , with the exception of BDl6 
(ancient coastal marsh in borehole D) . The organic-rich 
sediment-samples and some others can be considered as 
another group including BBl, BB2, BC9, BE9 and BD22. The 
most interesting linking was between the dolomitic 
ancient playa sediments of the two marginal boreholes C 
and D (BC17, BC19 and BD27) . Another minor group (BG3, 
BCl and BE13) is the organic-rich or marsh sediments. The 
remainder of the sediments (i.e. BC6, BE16 and BGl) show 
very weak relationship with the others. Some of the 
latter are distinctly different from the others such as 
BC6 (sabkha sediments) or BE16 (very rich in detrital 
macro and micro-fauna) and BGl (one of the organic-rich 
samples). 
Utilising the same methods as before, for both surface 
Ahwar sediments or borehole-C-sequence the general 
pattern of the relationship of the elements showed is 
more or less the same as in core 9A (Fig. 6.4) . This 
relationship was obvious in the elements present in high 
contents: Ca, Mg and Sr as anomalies, but Mn and Na also 
showed some relations to these. On the other hand the 
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Fig. 6.10 Cluster analysis dendrograms of the compiled 
batch of many sediment-samples of various boreholes 
showing relationships between similar sedimentary units 
of different boreholes. 
(for depth details see Appendix 6.5) 
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elements V, Fe, Co, Ni, Cu, Zn and P from the main group 
are of values similar to those of the mudrocks and are 
almost of the same abundance in the sediments of every 
borehole. Also Al, Ba, K, Ti and Cr show a grouping as in 
the sediments of borehole C which have been discussed 
previously in section (6.4.1). The latter may be related 
to the high content of clay minerals and feldspars in 
these sediments. 
6.5 The Geochemistry Of Some Specific Components 
Some specific components (such as molluscan shell 
fragments) have been analysed geochemically by ICP-AES, 
while others (such as authigenic dolomite and 
palygorskite) have been analysed using a backscattered 
scanning electron microscope. The main purpose was to 
characterise each component chemically and to ascertain 
its effects on the overall geochemistry of the sediments 
containing them. 
6.5.1 The distribution of some major and trace elements 
in the shells of various molluscan species 
Powder samples of macro-molluscan shells were analysed 
geochemically. They were collected from five surface 
stations of the Ahwar, namely: 3, 8, 14, 18 and 19. The 
detailed results showed that the shells may control the 
elemental distribution of the sediments when they are 
abundant. The results are tabulated according to the 
species type (see Table 4.3 in chapter 4), giving the 
arithmetic mean and range (if more than one analysis) of 
each species. 
All the species showed high concentrations of Ca and Sr 
as expected because of their aragonitic composition. 
Whereas, Ca is of similar content in most of the species, 
Sr showed two different values: high and very high. High 
contents of Sr (>1000 ppm to about 1500 ppm) have been 
found in all of the species but particularly in Melanoids 
sp. and Melanopsis sp. Which usually contain more than 
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1500 ppm of Sr and can reach 20 00 ppm. Mg is present at 
values of <500 ppm in all forms and may fall to less than 
150 ppm, but it is usually about 1300 ppm in Melanolds 
sp. and Melanopsis sp. and may reach more than 4000 ppm. 
Also higher than normal contents of Fe, Na, K, Al, Ba and 
Mn have been recorded in the shells of two species when 
compared to the others. 
6.5.2 SEM-probe geochemical analysis of calcian dolomite 
A microprobe analysis was made of several thick-polished 
thin-sections of dolomitic samples (of both surface and 
older Holocene sediments). The backscattered-probe 
analysis of polished thin-sections gives more details of 
the elemental components of the mineral crystals (White 
et al. 1984) . However, whereas the ICP-AES analysis of 
the whole sample powders yielded useful elemental 
information, the SEM-probe analysis can characterise the 
mineral itself, which is dolomite in this case. 
The results of selected surface and Holocene samples 
showed that the authigenic dolomite is calcian in nature 
(Fig. 6.11). It consists of Cag ^90.39-0.44 CO3. 
A dolomitic sediment from the present intertidal flat of 
the northwestern Arabian Gulf has been analysed for the 
purpose of comparison. The results showed almost the same 
composition and show this marine authigenic dolomite is a 
calcian dolomite with almost the same formula (Appendix 
6.6) . 
The MgCOg and CaCOg contents showed a linear relationship 
for many analysed crystals of each type of the dolomite. 
Every sample gave almost the same range of Mg and Ca 
(Fig. 6.11) . On the other hand, comparison of these 
dolomitic samples with the analytical results of the 
Recent Mg-calcite cement and oolites of the northwestern 
Arabian Gulf (Aqrawi and Darmoian, 1986 & 1988) shows two 
main groupings as Mg-calcites (12-17 MgCOg %) and 
dolomites (39-44 MgCOg %) . When compared Fe and Sr to 
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Fig. 6.11 Evaporitic (both sabkha and playa) and 
brackish-water dolomites are calcian in nature containing 
56-61 CaCOg % molar percentage. 
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CaCOg contents of the dolomite and Mg-calcite samples 
this revealed a wide range of the occurrence of both 
elements which was not apparently controlled by the 
sample type or environment of deposition (Fig.6.12). 
6.5.3 SEM-probe analysis of authigenic palygorskite 
The recognition of authigenic palygorskite clays within 
the studied sediments by 8EM analysis was followed by 
geochemical probe analysis to determine its elemental 
composition. This showed that this clay is rich in Mg and 
Fe when compared to some standard palygorskite reported 
by previous workers from other areas (Table 6.3). 
6.5.4 Geochemistry of <2 /am fraction of some clayey 
samples rich in palygorskite 
An analysis of <2 A^ m fraction of 12 selected clayey 
sediments rich in palygorskite (i.e. about 30-50% of 
total clay percentage) was made. Fe, Mg and A1 are 
concentrated in these clay fractions, whereas Ca is very 
high in the whole sample because of calcareous shell 
fragments in the coarser fractions (Table 6.4). 
When the results of the <2 yjim clay fraction are plotted 
in the Si-R^-Rg triangle of clay minerals (Velde, 1985), 
they fall in an area close to the palygorskite clay zone 
(Fig. 6.13) indicating a large amount of palygorskite in 
these samples. However, other clay minerals such as: 
smectite, illite, kaolinite and chlorite, also occur but 
except for smectite were of less abundance (usually 
>30%). 
6.6 The Calcium Carbonate Content (CaC03%) 
The calcium carbonate content expressed as CaCOg for the 
whole sediment samples was determined for all sediments 
(more than 100 analyses) including fluvial, aeolian, 
surface Ahwar and subsurface older Holocene sediments. 
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Fig. 6.12 The plot of CaCOg % vs Fe (A) and vs Sr (B) 
for both evaporitic and brackish-water dolomites show no 
specific relationships due to the wide range of 
occurrence of both elements. 
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Table 6.3:Major element composition of authigenic 
palygorskite (average of ten analyses). 
Element % This study 
based on microprobe Values from Caillere & Benin, 1951 
Si02 52.35 53.64 
AI2O3 7.01 8.76 
FeO } } 
Fe2°3 } 4.95 
0.23 
3.36 
CaO 1.35 2.02 
MgO 11.96 9.05 
Ti02 0.96 0.60 
K2O 
Na20 
1.09 
0.32 
{ Others { 2.40 
Subtotal 
E2O+ Assumed 
H2O-
79.99 
21.00 
80.06 
10.89 
9.12 
Total 100.99 100.07 
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Table 6.4: The Distribution of major elements in the 
Ahwar sediments, both whole sediments (>70 analyses) and clay fraction 
(12 analyses) 
Whole sediment <2fim Fraction 
Element Range 
Average 
Mean 
Range Average 
Mean 
A1203% 0.85-11.02 7 ^ 7 9.97-14.56 13.27 
MgO% 1.03-5.12 4.13 7.01-9.11 7.87 
^6203% 0.37-6.33 4.83 7.57-9.85 8.49 
CaO% 13.66-49.15 21.77 5.30-12.15 7.47 
Na20% 0.27-1.11 0.82 0.17-0.77 0.40 
0.12-1.72 1.13 1.44-2.19 1.89 
Ti02% 0.05-0.62 0.43 0.47-0.62 0.55 
Si02% Not calculated 38.16-45.56 43.17 
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Fig 6.13 
Si-pZ (Mg, 
and _Recent Mesopotamian palygorskite 
Coirroosijtion of natural palygorskite (dots) in 
Fe^)-R^ (Al, Fe^) coordinates (Velde, 1985) 
(open circles) in a Re iygorsJc; 
Si-Rr (Mg, Fe)-R^ (Al) coordinates. 
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6.6.1 The calcium carbonate content of the potential 
source sediments (i.e. fluvial and aeolian) 
The arithmetic mean of the calcium carbonate content (i.e 
CaC03%) of the fluvial suspended sediments of the three 
rivers was 24.45% CaC03. It ranges from 21.59% in the 
Euphrates to 2 6.09% in the Tigris with intermediate 
values for the Shatt Al-Arab (24.17%). The arithmetic 
mean for the aeolian sediments is 21.53%; 21.87% in the 
dust fall-out samples, 20.68% in the mobile sands and 
21.68 in the dune sands. In other words the CaCOg content 
of all potential source materials is very similar. 
6.6.2 The calcium carbonate content of the surface Ahwar 
sediments 
The surface sediments of the Ahwar have different calcium 
carbonate contents depending upon their environment of 
deposition. The core sediments of the freshwater lakes 
and marshes have the highest contents (usually about 50% 
mean), whereas those from the brackish-water areas have 
lower contents 30-35% CaCO^. The levee sediments and 
crevasse-splay cores contain 25-30% CaCOg (Table 6.5) . 
The distribution of the carbonate shows a different 
pattern in each studied core-section (e.g. see Figs. 3.7. 
3.14 & 3.15 in chapter 3), but as discussed earlier in 
chapter 3 the highest amounts of CaCOg are mainly related 
to the shelly units in every studied section. Although a 
considerable amount of calcium carbonate has been 
supplied by fluvial and aeolian processes (20-25% CaCOg), 
the main source is biogenic and is mainly produced by the 
fragmentation of the macro-shells. The microfauna is 
another biogenic source of carbonate in some areas, such 
as station 15 which is an area of exposed brackish/marine 
sediments very rich in microfauna, particularly in 
foraminifers and ostracods. Other sources in specific 
samples or section intervals are authigenic carbonate 
minerals such as Mg-calcite and dolomite. 
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Table 6.5: The calcium carbonate contents (CaC03%) of the selected 
Ahwar subenvironments as ranges and arithmetic means 
Station 
Core No. 
No. of 
samples 
CaC03% 
Range 
CaC03% 
Mean 
Sediments 
Environment/Unit 
Core 8A 7 26.51 -
37 . 79 
31.13 Euphrates Levee 
Core lOA 5 18.76 -
30.72 
24.25 " Crevasse 
splay-
Core IB 4 25.96 -
38 . 28 
31. 19 Brackish marsh 
Pit 18P 4 19.33 -
52 .25 
34.24 tl II 
Core 13A 6 22.34 -
41.32 
33 .23 Lake Hammar 
Core 16A 6 2 3.66 — 
36.51 
30.97 II tl 
Core 9A 8 26.32 -
85. 08 
49 . 92 Freshwater lake 
Baghdad 
Core 7B 8 33.61 -
66.41 
48.85 II II 
Zechri 
Core ISA 6 49.18 -
68 . 95 
59.21 Saline 
lake/marsh 
(Luqait) 
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6.6.3 The calcium carbonate contents of the sediments of 
older Holocene (borehole) sediments 
The calcium carbonate content of the Holocene sequences 
ranges from less than 20% for some ancient fluvial or 
playa sediments to more than 50% for some other specific 
shelly horizons. The general arithmetic mean varies 
according to the sediment type and the location of 
borehole within the Mesopotamian basin (Table 6,6). 
The modern Ahwar/f luvial unit ranges from 20 to 25% 
CaCOg. The ancient fluvial and playa sediments also do 
not exceed 30% CaCOg unless they are rich in dolomite 
(such as a unit of borehole C). In contrast, the 
sediments showing marine influence may be distinguished 
by their relatively high content of carbonate (usually 
between 30-35%) . The only detrital sediment with a high 
carbonate content is recorded in borehole E at a depth of 
16m which is an ancient shelly sediment very rich in 
derived molluscan fragments. 
6.7 Oxygen And Carbon Isotopes 
The values of stable isotope of oxygen and carbon have 
been measured for 13 selected dolomitic samples (ranging 
from 10 to 50% dolomite content). The selection was made 
to include dolomites from a variety of sedimentary types 
of both surface Ahwar and older Holocene sediments (Table 
6.7). The results show that all dolomitic samples are 
depleted in with values which range from -0.731 to -
4.281% with one very depleted sample (i.e. BC17) of -
17.693%. On the other hand the ^®0 show values ranging 
from 4.452 to -8.133%. 
Depletion of isotope is usually interpreted as being 
due to an increase of organic-derived CO2 (Dickson and 
Coleman, 1980) during the formation of dolomite and 
burial of the sediments. However, if the dolomite is 
associated with pyrite (such as in most of the analysed 
samples) then sulphate reduction may have had a role in 
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Table 6.6: The calcium carbonate contents (CaCO ) of the selected 
samples of each sedimentary unit in various boreholes (eg BA is 
borehole A) 
Borehole 
and 
sample No 
Depth 
(m) 
No. of 
sample 
cacof % 
Range 
CaC03% 
Arith. 
Mean 
Sedimentary Unit 
BA1-BA3 1.5 -
4 . 6 
3 21.94 -
29. 02 
26. 02 Modern Fluvial 
BA4-BA10 5.5 -
12 . 6 
6 20.96 -
35.47 
29 . 50 Brackish/marine 
BA11-BA18 13,5 -
21.6 
4 19.54 -
26.25 
21.93 Ancient 
fluvial/playa 
BC1-BC5 0 - 2 5 16.25 -
24 . 29 
19 . 45 Dune sand/ 
Modern Ahwar 
BC7-BC10 2.9 -
5.7 
4 20.00 -
23.25 
21.42 Sabkha/ 
Intertidal 
BC11-BC16 6 — 
11. 1 
6 27.06 -
52 . 89 
34 . 97 Brackish/Marine 
BC17-BC21 11.7 -
16 
5 11.47 -
37.33 
30.45 Ancient Playa 
fluvial 
BE1-BE3 0 -
2 . 1 
3 20.34 -
23 . 47 
21.65 Modern fluvial 
BE4-BE14 3 -
14 . 2 
7 20.02 -
29.75 
23.62 Fluvial with 
Brackish/marine 
BE15-BE16 15 -
16.1 
1 - 62 .93 Shelly Detrital 
BF1-BF6 13.5 -
18 
6 24.24 -
31.05 
27.81 Ancient and 
fluvial 
marsh/lake 
BH1-B6H2 0 - 1 2 19.42 -
35.38 
27.40 Modern 
Sabka/Intertidal 
BH3-BH27 1 -
10.5 
7 30.26 -
36.48 
33.88 Brackish Marine 
BH2 2-
BH.27 
10.5 -
13 . 5 
2 28.60 -
29. 50 
29. 05 Fluvial/Playa 
BH29-BH31 14 -
16 
2 7.38 -
16. 85 
12 . 12 Dibddiba sand 
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Table 6.7: The oxygen-carbon isotopes results showing that all 
the analysed samples are carbon-depleted with most of them 
oxygen-depleted according to their sedimentary environment 
Sample 
No. 
Depth 5'^ C PDB 5'*0 PDB 
DFB Dust-
Basrah 
-3.678 -6.491 
lB-4 3 8-42 cm -3.553 -5.109 
2C-2 16-18 cm -3.201 —5.516 
7B-7 52-54 cm -2.918 -4.214 
8A-4 2 9-31 cm -3.412 -6.040 
9A-7 43-45 cm -2.275 -8.133 
21-P4 25-50 cm -2.240 -3.371 
BC6 2.5—2.6 m -5.022 4 . 347 
BC-14 10.6-10.7 
m 
-0.731 -0.638 
BC-17 11.7-11.8 
m 
-17.693 0.603 
BC-19 15.0-15.1 
m 
-4.038 4 . 158 
BD21 14.7-15.5 
m 
-2.853 3.218 
BD-27 19.6-19.9 
m 
-4.281 4 .452 
2 0 3 
its formation (Lasemi et al. 198 9) . Oxidation of methane 
by sulphate reducing bacteria has been reported as 
another explanation for depletion of in carbonates 
(Jorgenson, 1992). Sulphate reduction and the 
decomposition of organic matter produces both HCO^~ and 
NH3 needed for precipitation of carbonate minerals 
(Berner, 1971; Ritger et al 1987...etc). Although, the 
production of ammonia has been previously considered as a 
method of raising pH (Slaughter and Hill, 1991), the 
presence of the latter is thought to be one of the main 
factors controlling the geochemical regime of the water 
for the formation of dolomite (e.g. Morse and Mackenzie, 
1990) . Reducing conditions of high alkalinity have also 
been suggested as being conditions for dolomitization by 
Berner (1980). On the other hand, dolomite which is more 
depleted than about -2% ^®0 must have either formed from 
or been affected by either water depleted in with 
respect to seawater or by elevated temperature (Land, 
1983). A meteoric influence has been widely used to 
explain dolomites of light ^®0 values (e.g. Magaritz, 
1987; Rosen et al, 1989; Shen, 1990). 
The isotope values of the analysed samples for both 
carbon and oxygen showed distinct grouping of the samples 
(Fig. 6.14) . A main group with both carbon and oxygen 
depletion contained all the six samples of surface Ahwar 
sediments of different modern environmental settings 
together with a dust fall-out sample. However, all the 
six samples were from the lower part of the studied 
surface sections of Ahwar (i.e. brackish/marine muddy 
bottom unit). The older Holocene borehole samples show 
different groups. The three samples of ancient playa 
units rich in gypsum (i.e. BC19, BD21 and BD27) and a 
sabkha samples (i.e. BC6) show close relationships as all 
have positive ^®0 values but are still depleted in 
The sample BC17, of the transitional unit between the 
playa unit of early Holocene and the beginning middle 
Holocene transgressive brackish/marine unit, shows a very 
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highly depleted value (i.e. -17.693% PDB) while the 
was slightly positive (i.e. 0.603% PDB). The sample 
BC14 of the brackish/marine unit was isotopically more or 
less similar to those of the main group of the surface 
Ahwar samples, but is not highly depleted in either 
isotopic contents. 
Excluding the playa-samples dolomite, all other dolomitic 
samples appear to be the result of the formation of 
dolomite in a brackish water geochemical regime (see 
chapter 5 for more petrographical and mineralogical 
details). However, whereas most of the samples may 
indicate very brackish conditions, the samples BC14 and 
BC17 may be considered typical of a mixing-zone dolomite. 
The samples are mostly of brackish/marine lagoonal 
sediments, where the mixing of the freshwater of the 
rivers and the marine transgressive water took place. The 
carbon depletion of all dolomitic samples is attributed 
to the reducing conditions prevailing in the lagoonal 
environments and to the primary decomposition of 
terrestrial organic matter. 
In the dolomitic sediments of the playa the Mg ions are 
supplied either by the ground meteoric water from an 
older dolomitic/evaporitic horizon or by the seawater 
which might have fed the marginal inland saline lakes 
during the earlier stages of Holocene transgression. The 
highly calcian nature of this dolomite (up to 60% CaCOg) 
indicates that dolomitization might have taken place in a 
closed rather than open system. The association of a 
micritic dolomite with an authigenic Mg-calcite supports 
the suggestion of formation in a closed system (Sperber 
et al, 1984; Morse and Mackenzie, 1990). The relatively 
high positive ^®0 values are mainly due to the 
evaporitic nature of these gypsum-rich sediments and the 
waters from which they were precipitated. 
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Finally, the dominance in formation of Mg-calcite and 
dolomite rather than aragonite in Recent sediments in 
general and in those from the northern Arabian Gulf in 
particular is probably due to the higher latitude of this 
area compared to the southern Gulf areas(Milliman, 1974; 
Mackenzie, 1981) and to the temperatures which rarely 
exceed 25°C in the hottest season in the north Arabian 
Gulf. Also the modern waters of the Tigris-Euphrates 
rivers and the brackish Lake Hammar are relatively rich 
in Mg**, S0^~ and HCO^~ compared with standard values of 
world averages given by Krauskopf (1985) (Table 6.8 ). 
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CHAPTER 7 
ORGANIC GEOCHEMISTRY 
Because the marshland of southern Mesopotamia is a region 
extensively vegetated mainly by reed beds(Typha sp. and 
Phragmites sp.), the question arises as to whether these 
organics are being or have in the past been preserved 
during the deltaic evolution. Peat horizons have been 
reported in several shallow boreholes over a wide area of 
southern Mesopotamia (Godwin et al. 1958; Ya'acoub et al. 
1981; Purser et al, 1981; Al-Azzawi, 1986).To consider 
some of the characteristic of the organic matter of the 
organic-rich surface and subsurface sediments several 
techniques such as total organic carbon (TOG) 
measurement, pyrolysis, gas chromatography, elemental 
analysis of kerogen and organic matter petrography have 
been used. 
The results of analysis of many organic-rich samples of 
the surface Ahwar sediments and several samples from 
different Holocene peaty (or organic-rich) horizons of 
boreholes B, C, D. F and G are included in this chapter. 
The main purpose of employing different organic 
geochemical techniques was to correlate the nature and 
characters of preserved Holocene organics with the 
surface organic-rich sediments. Also it has thought that 
it would be helpful in the understanding of the 
sedimentary history of the area during the Holocene. In 
addition, the organic materials may have played a role in 
many inorganic reactions and in the precipitation of 
minerals. 
Considerable attention has been paid, in the last two 
decades, to the study of Recent peats, particularly in 
tropical regions because some of the resulting coal and 
coal bearing strata might have a greater thickness in 
such environments and such deposits might be oil-prone 
source rocks (Collinson et al. 1992), particularly if 
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they are hydrogen-rich and lipid-rich organic matters 
deposition which have been preserved under anoxic-water 
(Demaison and Moore, 1980). 
In this study an attempt was made to characterise the 
organic matter of the arid deltaic-lacustrine setting of 
the Tigris-Euphrates Rivers. This should lead to more 
information about the organic-rich sediments of the delta 
and the interaction of sedimentologic, climatic and other 
factors in the preservation of organic matter of this 
area in particular and of arid deltaic areas in general 
and the control of climate on the formation of organic 
deposits (Evans, 1989) . 
7.1 The Total Organic Carbon (TOC) Contents 
The amount of organic carbon is variable in the sediments 
according to their source, environment of deposition, 
climate and the amount of primary productivity 
preservation during sedimentation and early diagenesis 
(Tissot and Welte, 1978; Hunt, 1979). In the modern Ahwar 
the main sources of organic matter are the reeds growing 
in the surrounding marshes together with other aquatic 
plants and algae, particularly in the freshwater areas. 
The analysis of (89) sediment samples from the surface 
Ahwar (Appendix 7.1) showed a range from < 1% TOC to 
>20% TOC (Table 7.1) . The sediment lithology and 
environment of deposition seemed to be the main controls; 
however, many related factors may have a role in the TOC 
of each sample such as productivity, anoxia and 
sedimentation rates. In order to gain a better idea of 
the distribution of organic matter in each sedimentary 
environment of the area, details are given for each group 
according to the salinity of the lakes and marshes as 
follows: 
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Table 7.1: Summary of the total organic carbon ( T O O contents of the sediments from different 
sedimentary environments of the surface Ahwar stations 
station 
No 
Core No Number of 
samples 
T.O.C. % 
Range 
T.O.C. % 
Arth. 
Mean 
Main Sedimentary Environment 
1 IB 4 1.07-6.34 3.10 Submerged brackish Marsh 
outlet 
2 2C 4 0.20-0.43 0.31 Ancient levee in Lake Hammar 
outlet 
3 3C & 3E 6 0.38-2.91 1.44 Freshwater lake/marsh 
4 4D 4 0.22-6.12 2.09 Brackish water Lake Hammar 
5 5A 5 3.69-22.43 11.98 Submerged freshwater 
marsh/Lake Zechri 
6 6A & 6B 7 1.94-13.43 7.48 Dried freshwater marsh/Lake 
Zechri 
7 78 5 0.66-18.06 6.92 Freshwater Lake Zechri 
8 8A 6 1.04-3.60 2.03 Euphrates River Levee 
9 9A 8 0.26-14.56 3.34 Freshwater Lake Baghdad 
10 IDA 4 1.18-2.30 1.68 Euphrates Crevasse-splay 
12 12A 3 0.67-3.91 1.99 Brackish water Lake Hammar 
13 13A 5 0.27-1.74 1.22 
14 14A 3 0.53-1.65 1.08 
15 15A 5 0.52-1.21 0.87 Saline marsh of Lake Luquait 
16 16A 3 0.50-3.27 1.78 Brackish water Lake Hammar 
17 17P 2 1.69-2.59 2.14 Dried brackish Lake Shafi 
18 18P 4 0.22-4.52 2.32 Dried brackish Hammar Marsh 
19 19P 4 0.26-3.72 1.93 Dried brackish Lake Hammar 
20 20P 2 0.42-0.51 0.47 Dried saline Lake Luqait 
21 21P 5 0.30-1.90 0.91 " " Kuriaz Al-Melih Area 
3,5,6,7,9 31 0.26-22.43 5.95 Total of Freshwater Lakes and 
Marshes 
2,4,12,13 
14,16,17 
18,19 
32 0.20-6.12 2.00 Total of brackish-water lakes 
and marshes 
15,20,21 12 0.30-1.90 0.82 Total of saline water lakes 
and marshes 
8,10 10 1.04-3.60 2.10 Levee & Crevasse-splay of 
Euphrates river 
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7.1.1. The T.O.C. in the sediments of the freshwater 
lakes and marshes 
The sediments of the freshwater lakes and marshes has the 
highest contents of total organic carbon measured (up to 
>20% TOC) . These were high values mainly restricted to 
the upper parts of the studied freshwater sections (e.g. 
Baghdad Lake see Fig.3.14) . The concentration of TOC 
usually fall with depth toward the base of the core-
sections (Appendix 7.1) . Exceptions are found in only 
three stations (i.e. 5, 6, 7 - Fig. 1.3) of Lake Zechri 
(core 7B) , surrounding submerged marsh (core 5A) and the 
dried marshes (cores 6A and 6B) . In all cores a TOC peak 
is present in the mid-core section (9-22% TOC) with the 
value falling to less than 1% TOC (Fig. 7.1) at the base 
of the longest section (i.e. 7B of the lake) . This mud 
core high value is considered to be due to an organic-
rich horizon mainly composed of reed fragments. 
The organic-rich layers of the freshwater lakes and 
marshes were usually recognised as blackish coloured 
sediments and are mainly composed of decomposed organic 
matter, particularly reed fragments. The colour usually 
becomes paler toward the base of the studied section 
until it changes into pale grayish sediments via a white 
shelly unit (Fig. 3.11) rich in macrofaunal fragments. 
7.1.2. The T.O.C. in the sediments of the brackish-water 
lake and marshes 
The total organic content of the brackish-water sediments 
is of a narrower range than that of the sediments of the 
freshwater lakes and marshes. It does not exceed 7% TOC. 
However, the lowest amount may be <1% TOC, as in the 
freshwater sediments. High contents of TOC are mainly 
restricted to the surface organic-rich layers of the 
studied section and cores (Fig. 7.2), particularly in 
those from dried and submerged marshes (Appendix 7.1). 
Excluding some high contents the general distribution 
throughout the brackish-water sections and cores is 
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Fig 7.1 The total organic carbon (TOC) content throghout 
two selected fresh water cores showing high contents in 
the surface layer which decrease by depth in Lake Baghdad 
but in Lake Zechri (and surrounding marshes) show another 
increase within the mid-core then decrease to less than 
1% TOC in the base. 
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Fig. 7.2 The total organic carbon (TOC) content 
throughout selected brackish-water cores along Lake 
Hammar showing the restriction of high contents to the 
surface layer only which may fall with depth to less than 
1% TOC at the base of each core. 
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almost the same as in those of the freshwater areas, (see 
Fig. 3.15 of Hammar lake - core 13A and Hammar marsh -
core IB) . It should be noted that TOC in all analysed 
samples of core 2C (from station 2, Fig.1.3)in ancient 
brownish levee sediments did not exceed 0.5%. 
7.1.3 The T.O.C.in the sediments of the relatively 
saline lakes and marshes 
The results of TOC analyses for the sediments from 
stations 15, 20 and 21 are quite different from the TOC 
values for the above mentioned environments (Appendix 
7.1) . The TOC content does not exceed 2% in all 12 
selected samples from these stations. However, the lower 
values of <1% TOC were dominant (i.e. 8 of 12 analysed 
samples). 
The sediments in the upper half of sections 15 and 21 
(upper 30 cm) have TOC contents of around 1-2%, while 
usually fall to less than 1% of TOC in the lower parts 
(30 - 100 cm). The sediments of section 20 have different 
values which are 0.5% TOC or less, because the sediments 
mainly consist of shell fragments. 
As a result of the above measured amounts of TOC, the 
sediments of the relatively saline parts of the studied 
area (essentially southwestern parts of Hammar) as Luqait 
lake and marshes (stations 20, 15) and Kuraiz Al-Melih 
(station 21 in Fig.1.3) are relatively low in organic 
matter. This can obviously be related to the scarcity of 
vegetation cover in these parts, particularly if they 
have been dried as has been observed clearly in the field 
study. 
7.1.4 The T.O.C. in the crevasse-splay and levee 
sediments of the Euphrates River 
The total organic carbon content of 10 selected samples 
throughout two core-sections of crevasse-splay and levee 
sediments of the Euphrates River revealed a range of 1 -
2 1 5 
3.6% TOC. Five of the analysed samples contained more 
than 2% TOC, the remainder did not fall below 1%, even at 
the base of the two analysed cores (Appendix 7.1). 
However, the general distribution of TOC throughout the 
core of crevasse-splay sediments was high at the surface 
falling toward the base as in brackish-water sediments 
(see Fig. 3.7 of core lOA) . The distribution was variable 
in the levee core. The TOC contents began with high 
contents (i.e. >2%) on the surface of the levee, then 
fell to about 1% TOC at the middle and finally increased 
at the base (Fig.3.7 of core 8A). The distribution of the 
organic contents in the levee section is more or less 
similar to that of Lake Zechri and its surrounding marsh 
sections (i.e. 7B, 6A, 6B and 5A, see Appendix 7.1 for 
details) . Ignoring the differences in the amounts, this 
core like the others of Zechri lake and marshes showed 
some preservation of an organic-rich layer at depths of 
30-50 cm. This preservation can be considered as being 
typical of the whole northeastern parts of the study 
area: covering an area north to the Euphrates River 
before joining the Tigris River at Qurnah and including 
the areas of Lake Zechri and surrounding marshes (see 
Fig.1.3, the location map). 
7.1.5 The T.0.C of the older Holocene sequences of 
souothern Mesopotamia 
The total organic content was determined for 28 selected 
samples from the studied older Holocene sequences. Only 
one complete Holocene section (from surface and down to 
20 m depth) is covered (total of 8 samples from borehole 
C) . The selection includes samples from the main 
sedimentary units and all the organic-rich samples of 
each studied sequence. The results showed a very wide 
range of TOC values (i.e. <0.5 to >14%). Values of more 
than 1% are mainly restricted to organic-rich (i.e. 
carbonaceous sediments) . What was described as peat by 
many former workers (e.g. Ya'acoub et al. 1981; Al-
Azzawi, 1986) does not exceed 15% TOC and usually 
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contains 2 to 5% TOC (Appenix 7.1) . The description of 
the samples and their examination under a hand lens 
showed that most of the peaty Holocene sediments are in 
fact carbonaceous sediments and composed of very thin 
alternations of muddy and organic layers (Fig.7.3). Only 
one sample was found to be a true peat-like sediment 
(i.e. sample BBl of borehole B). 
The fluvial and aeolian sediments of the studied Holocene 
sequences generally contain less than 1% TOC except in 
the surface of some boreholes in some areas covered by 
modern Ahwar (e.g. sample BDl of borehole D) . The same 
values are generally common in the other units such as 
brackish/marine, playa..etc with minor differences, but 
always less than 1% TOC. The samples of 1% TOC and more 
are mainly from ancient marsh/lake sediments or coastal 
marshes (e.g. the samples BC9 and BCIO borehole C and 
BD15 and BDl6, borehole D). 
7.2 The Rock-Eval Type Pyrolysis 
Pyrolysis is the thermally induced break-up of large 
organic molecules into volatile products. This technique 
is of wide use for the evaluation of source rocks in 
petroleum geology. It can be used for Recent peats and 
organic-rich sediments (e.g. Chateauneuf et al 1991 
employed pyrolysis to characterise some African peats). 
The combination of pyrolysis with other organic 
geochemical tools such as gas cromatography (GC) and 
elemental analysis of kerogen has been reported to be 
very useful and complementary in elucidating the complex 
nature of organic matter (Katz, 1983). 
One of the most important results which can be gained 
from pyrolysis is the maximum temperature (Tmax) which is 
the temperature at which maximum yield of fluid 
hydrocarbons occurs from kerogen. It usually increases in 
values with increased geothermal history. In addition the 
2 1 7 
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Fig. 7.3 Most of the organic-rich (i.e. peaty) sediments 
of the borehole sequences are either laminated alteration 
of organics and mud( A) (probably formed by seasonal 
flooding) or as massive mud with organic matter patches 
from the marshes (B). 
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hydrogen index (kg hydrocarbons, from P2 of pyrolysis/g 
TOC) partly depends on pyrolysis. 
7.2.1 The Maximum temperature (Tmax) 
and hydrogen index (HI) 
The maximum temperature (Tmax) coupled with the hydrogen 
index can characterise each sample based on the amount 
and type of organic content. The results from the two 
parameters have been calculated for each analysed sample 
and tabulated according to the modern sedimentary 
environmental setting for the surface Ahwar sediment 
coupled with the borehole samples which are arranged 
individually (Appendix 7.1). 
The plotting of Tmax vs HI (Fig. 7.4) showed two main 
groups. The resulting grouping is controlled by Tmax 
values rather than HI values. One group is restricted 
between the 360 - 420°C, while the other is between 250-
350oC of Tmax. As most of the analysed samples have HI 
values less than 200, they are classified as kerogen type 
III. This type was of course expected because most of 
the organics are derived from land-plants, particularly 
reeds. The normally used diagram is usually restricted 
with a Tmax range of not less than 350°C(e.g. Horsfield, 
1984) for rock evaluation purposes but it is more 
extended to 250°C to include all the present results. 
7.2.2 The maximum temperature (Tmax) and hydrogen index 
(HI) vs total organic carbon (TOC) 
In order to search for any relation between the total 
organic carbon (TOC) contents of the samples and the 
hydrogen indices (HI), the results were plotted as TOC% 
vs HI (Fig.7.5). It is clear that a linear trend exists 
between the sediments of less than 8% TOC and less than 
200 HI (including 38 samples of total 47) but excluding 
several organic-rich samples which have more than 13% TOC 
and fall outside the main population. On the other hand, 
no environmental setting control is detectable. 
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The plotting of Tmax values against the TOC values again 
showed that Tmax is the property which identifies the 
grouping of the samples (Fig. 7.6). 
Finally, the pyrolysis results mainly revealed that the 
source of all the organic-matter of the analysed 
sediments are materials of immature land-plants depending 
upon Tmax and HI, including those which have previously 
been called Holocene peats. Also, it shows a general 
positive relation between the TOC and HI values of the 
analysed samples, but within limits of not more than 8% 
TOC and 200 HI. 
7.3 The Elemental Analysis Of C, H And O 
Among several elements, usually determined for kerogens 
(i.e. C, H, Of N, S, and F), the interpretation is always 
based on three of them which are C, H and 0 (Durand and 
Monin, 1980; Tissot and Welte, 1978). The elemental 
contents of C, H and 0 have been determined for 20 
selected samples. Seven of them were Holocene organic-
rich sediments, while the others were from different 
surface sections of Ahwar. However, the selection has 
mainly restricted to organic-rich sediments, but for two 
cores (9A and 13A) samples have been taken from the top 
to the bottom to include the various sedimentary units 
which have been distinguished. The main purpose for the 
latter was to show the variability of C, and 0 contents 
throughout a freshwater and a brackish-water section. The 
results are tabulated as elemental percentages for each 
element (i.e. C. H and O) and each analysed sample (Table 
7.2) . 
The results of the elemental contents have been changed 
fff 
into atomic ratios as H/C and 0/C in order / plot them on 
the modified Van Krevelen diagram for coal and peat (as 
in Pelet and Debysder, 1977; Chateauneuf et al 1991). 
The main difference in the coal and the peat diagram 
compared with the one usually used for the study of 
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Table 7.2: The elemental contents (i.e. C, H. & O) of 20 selected macerated samples of both surface and 
subsurface sections of southern Mesopotamia and the calculated atomic ratios of both H/C and 0/C and 
T.O.C. % of the samples 
Sample 
No 
Depth Sedimentary 
Environment 
C% H% o % Atomic 
H/C 
Ratio 
O/C 
TOC 
% 
9A1 0-2 cm Freshwater 51.18 4.86 34.88 1.14 0.51 14.56 
9A3 16-18 cm " 44.15 3.23 26.23 ().88 0.45 3.34 
9A6 35-37 cm " 4.45 1.57 11.21 4 J 3 1.89 0.39 
7B1 0-3 cm " 39.40 5 J 6 Z103 1.63 0.44 7.91 
7B5 35-37 cm " 44.90 5.59 23J8 1.52 0.39 18.06 
13A1 0-3 cm Brackish-water 21.74 2.98 15.96 1.64 0.55 1.57 
13A2 6-8 cm " 12.78 2.30 14.08 2.16 0.83 1.74 
13A4 25-27 cm " 9.52 2.05 14.60 2.58 1.15 1.00 
13A6 50-52 cm " 1.81 1.64 14.03 IKX86 5.81 0.27 
16A1 0-3 cm " 21.53 Z93 19.59 1.63 0.68 3.27 
18P1 0-5 cm " 28J3 3.13 19.85 1.34 0.53 4.52 
15A1 0-2 cm Saline 11.92 2.39 15.94 Z38 1.00 1.05 
lOAl 0-3 m Crevasse-splay 27.41 3.55 Z157 1.55 0.64 2.30 
BBl 11-11.5 m Ancient 
Marsh/lake 
41.96 4.34 29.36 1.24 0.52 14.55 
BB2 11.5-12 m " 19.85 2.30 16.56 1.39 0.63 3.08 
BCl 0-0.25 m Modern Brackish 
Marsh 
3.23 1.22 11.70 4.54 2.72 0.87 
BC9 5.5-5.7 m Ancient Coastal 
Marsh 
9.32 1.44 12.80 1.85 1.03 1.54 
BCIO 5.0-5.2 m " 11.15 1.69 15.97 L82 1.07 1.35 
BG2 13.9-14.0 Ancierit 
Marsh/Lake 
17.05 2.50 16.09 1.76 0.71 2 J 2 
BG3 14-14.2 m " 18.63 2.04 16.15 1.31 0.65 4.74 
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petroleum source-rocks is the extension of the X-axis of 
the 0/C atomic ratio from 0.3 to more than 0.7 to include 
peats in addition to lignite, bituminous coal and 
anthracite. In other words they are all different phases 
of kerogen type III pathway, whereas for the source-rock 
purposes all the kerogen types are included but within a 
limit of 0.3 of 0/C axis. On the other hand the y-axis of 
H/C atomic ratio is the same. The calculated atomic 
ratios H/C and 0/C for the analysed sediments (Table 7.2) 
showed some values of more than 2 H/C ratios and/or were 
more than 0.7 0/C ratios which made it impossible to plot 
them on the Van Krevelen diagram (Fig. 7.7). 
Twelve of the twenty analysed samples have been plotted 
on the Van Krevelen diagram and all were within or around 
the peat field. Eight of the analysed samples were of 
either high H/C or high 0/C atomic ratios which can be 
excluded from the designated limits of the diagram. 
However, among the plotable results (i.e. the 12 
samples) , only six were very close to the peat zone of 
the diagram (Fig. 7.7). Three of them were borehole 
samples of high TOC values (about 5-15% TOC), while the 
other three were of freshwater lakes samples except the 
sample 18P1 of a dried part of Hammar brackish marsh. The 
other six plotted-samples were of higher H/C atomic ratio 
contents which caused them to fall in the diagram but 
above the limits of the peat zone. 
All the three unplotted borehole samples (i.e. BCl, BC9 
and BCIO) are from the same borehole (the marginal 
borehold C) and are of low total organic contents (<1.6 
TOC) . Also, they are very high in 0/C atomic ratios 
because of their very low hydrogen contents (usually <2%) 
as tabulated formerly. On the other hand all the samples 
of surface section 13A of Lake Hammar were anplottable on 
the diagram, except the surface organic-rich one. This 
was mainly due to their low carbon contents which did not 
exceed 13%. The same reason may be used to explain the 
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Fig. 7.7 Twelve of the twenty analysed samples fall 
within and around the peat zone of the Van Krevelen 
diagram. The other unplotted eight samples are either of 
high O/C atomic ratio or high H/C atomic ratio and of 
very low TOC content. 
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other unplotted surface sediments (i.e. the C% and/or TOC 
of these samples are too low compared with the others). 
7.4 The Organic Matter Petrography 
Twenty sediments, which were macerated for the elemental 
analysis, were also used to study the petrography of the 
organic matter. The acid macerated residues were mounted 
on microscope slides and studied by transmitted-light 
microscope in order to classify the organic components in 
each sample. While all the organic matter which was 
present in the studied sediments of surface Ahwar and 
Holocene subsurface strata were mainly immature, the 
petrography was mainly concerned with the description of 
the components and their relative abundance rather than 
their maturity. 
7.4.1. The qualitative petrography 
The main components of the studied sediments were mainly 
immature organic materials from terrestrial sources with 
some marine structures. Woody and algal amorphous 
materials were the main components followed by pollens, 
spores, etc. 
The surface samples from the Ahwar reflected a well 
oxygenated environment in the upper layers of different 
subenvironments such as freshwater lakes and marshes, 
brackish-water lake and marshes and crevasse splay (Fig. 
7.8). Most of these components have been more oxidized at 
depth except for some organic-rich sediments of Lake 
Zechri which contained terrestrial but mixed marine 
components. 
The Holocene borehole sediments varied according to the 
borehole location, but generally the terrestrial 
components were the main component in each sediment 
analysed. Most of the samples showed some mixed marine 
structures (Fig. 7.9) but with terrestrial matter 
dominant. 
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Fig. 7.8 The main petrographic components of the surface 
organic-rich sediments (A) and borehole peats (B) . Both 
show high similarity and the same organic origins, mainly 
from the reed debris and particularly as algal amorphous 
(a) and woody (w) structures. 
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Fig. 7.9 (A) Marine structures (m) are one of the main 
components of the organic matter of the study area, 
particularly those from the sediments affected by marine 
influence during Holocene transgression. (B) Spores and 
pollen (p) are other components found commonly in both 
surface and borehole sediments, particularly within 
organic-rich layers. 
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7.4.2 The semi-quantitative petrography 
A semi-quantitative analysis of the organic component was 
carried out by assuming a relative abundance of each 
using standard quantitative petrographic charts (Scholle, 
1979) . Five main components have been distinguished in 
this analysis namely: algal amorphous (either Sapropelic 
or degraded), marine structures, herbaceous of both 
spores and other structures, woody opaques and others 
such as pyrite..etc (Appendix 7.2) . The mean of the 
results of at least two slides of each sample, and 
occasionally more, have been plotted (Fig. 7.10) according 
to the characters of the sediment, the location and 
sedimentary environment. 
It is obvious that the herbaceous (i.e. structures and 
spores) and the algal amorphous are dominant in the 
studied sediments, particularly those from the surface of 
the Ahwar, while woody structures increase in the 
subsurface borehole sediments. Spores are present in 
both, but their percentages are higher in surface 
samples. Marine structures may form up to 5% of some 
borehole samples, whereas they are of <1% of the surface 
organics regionally. Finally, pyrite is observed in all 
analysed samples (2-8%) with an arithmetic mean of about 
5% in general. 
7.5 The Gas Chromatography (GC) 
After removing the soluble organic materials from the 
ground samples by solvent extraction, the saturates were 
run through a column using a gas stream to evaporate the 
solvent residues and identify the hydrocarbons present in 
each sample. The normal alkanes which can be detected by 
this technique are of and up to C^Q (Barker, 1986) . 
However, these hydrocarbons are only sometimes present as 
traces but they characterise the sediment and some 
specific components (e.g. pristane) are very useful 
environmental indicators. The technique is widely used in 
studying both reservoir and source rocks. In addition it 
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is one of the critical techniques to detect any 
hydrocarbon pollution in environmental studies. 
The results of the analysis of 18 selected samples from 
both surface Ahwar-sections and Holocene borehole-
sequences, particulrly organic-rich sediments, showed the 
presence of the normal alkanes in the range of C^Q - C32 
(Fig. 7.11). Although C^Q has only been detected in some 
sediment-samples, 0^2 was detected in most of the 
analysed sediment-samples and with reasonable intensity. 
All of the analysed sediments revealed the occurrence of 
the continuous series from to C2g. The surface 
sediments of Ahwar reflected this range of hydrocarbons 
but with the dominance of to €22/ particularly 
C^g and C17. On the other hand, the older Holocene 
borehole sediments showed visible peaks up to C32 and 
with different and very intensive peaks of carbon types 
according to the sample sedimentary-unit and borehole 
location in the study area. It is obvious that 
pristane, C^g and phytane are detectable in all samples; 
however, phytane occurs in traces in most samples, while 
prestane has more intensive peak. 
The above discussed components when considered as ratios 
such as pristane/n and phytane /n C^g are good 
environmental indicators. In addition other ratios are 
estimated for the analysed samples in order to 
characterise them for correlation purposes, particularly 
between surface and borehole sediments (Table 7.3) . It 
has been found that the pristane/phytane ratio is usually 
more than 1 and can reach 67 reflecting the very high 
intensity of pristane peak and characterising the 
environment of deposition in these organic-rich sediments 
as well oxygenated, except for two sediments. The latter 
(i.e. 5A3 and 7B5 from mid-cores of Zechri marsh and lake 
respectively) have shown also pristane/C^^ ratios of less 
than 1. Comparison of the sediments indicate that Lake 
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Table 7.3: Some relative factors calculated from the quantitative values (intensities) of the 
chromatograms in order to compare the extracted hydrocarbons of both surface and subsurface 
sediments 
Sample Pristane/C,7 Cp/Cix Phytane/C,* Pristane/ 
Phytaiie 
Phytane/ 
Pristane 
IBl 1.32 1.70 0.10 22.50 0.044 
2C2 1.08 1.18 0.31 4.009 0.250 
3C1 0.90 3.33 0.11 27.00 0.037 
3E1 1.59 L89 0.11 27.00 0.037 
4D1 2.09 2.46 0.08 67.00 0.015 
5A3 0.79 1.62 1.31 0.97 1.031 
6A1 1.24 3.30 0.10 33.00 0.030 
7B5 0.46 1.92 0.64 0.88 1.136 
8A6 0.57 2.35 0.22 6.20 0.161 
9A2 (183 1.71 0.14 10.00 0.100 
13A2 0.59 2.37 0.85 2.78 0.359 
15A5 0.63 1.07 (133 2.00 0.500 
18P2 0.43 2.21 0.11 9.00 0.111 
BBl 0.75 2.14 0.33 4.86 0.206 
BC9 0.82 1.31 0.54 2.00 0.500 
BD16 1.31 0.80 0.15 ;x33 0.188 
BG3 1.16 1.05 ().23 5.25 0.190 
BH3 1.22 1.23 0.15 10.14 0.099 
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Zechri (core 7B) samples could be described as preserved 
reed debris within the upper 50 cm of their core-
sections. The core-section description of the stations 5 
and 7 coupled with the radiography of the cores 
differentiates them as the only two sections consisting 
of organich-rich layer beneath the upper (surface) layer 
(see Chapter 3 and 7.1 for details). Although some other 
samples showed the pristane/C^^ ratios of less than 1 but 
their prist ane/phytane ratios were of more than 2 or 
higher. Both and C^g are found to be obvious and 
relatively intensive peaks compared with the other normal 
alkanes but is always more intensive than C^g, except 
in sample BD16, so the ratio of is usually of 
more than 1 in each analysed sediment. However, both 
pristane and phytane are the most prominant biological 
markers in the degradation products of the phytal chain 
chlorophyl (Hunt, 1979). 
Pristane and phytane are not the only biomarkers present 
in the analysed sediments; many others can be found with 
different situations referring to the normal carbon type 
of each sediment (Fig. 7.12) . Five of them are the most 
dominant and they occur in most analysed sediments. They 
are located between the following distinguished 
components: 0^2 and and phytane and 
and C20 arid C20 and C22 • The intensity of these 
biological markers is often more than that of the other 
normal hydrocarbons. The plant degraded debris usually 
consists of macromolecules which can be detected through 
GC analysis as specific peaks (e.g. resins occur around 
^14' ^15 and C3Q.. etc) (Collinson et al 1992). Other 
biomarkers are mentioned by others, such as steranes 
(located between C27 - C29) and terpanes C2g - C35) , as 
typical terrestrial markers (Bagge and Keely, 1992). It 
is common to find the biomarker, as higher molecular 
weight hydrocarbons, in the waxy oils of terrestrial 
sources which are very low in aromatic components (Powell 
and Boreham, 1992). 
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B (9A2) 
(8A6) 
Fig. 7.12 Gas chromatograms of three selected samples: 
(A) An ancient peat of borehole B (11 m depth) , (B) A 
surface organic-rich layer of the freshwater Lake Baghdad 
(5-7 cm depth) and (C) An organic-rich layer within 
Euphrates levee (51-53 cm depth) . Note that the main 
components, particularly unclassified biomarkers (*), of 
the three sediments are well correlated and have 
different intensities. 
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It will need many more specific detailed analyses to 
identify and name the occurred biomarkers, so the 
nomenclature used here only refers to the nearest 
occuring and identified n-alkane or other components in 
both sides of each biomarker in order to distinguish them 
from one another and to simplify the correlation, on a 
biomarker-ocurrence basis, between the analysed samples. 
The comparison between the chromatograms of samples 5A3 
(18-20 cm consisting of totally Phragmites sp. and Typha 
sp. fragments) and sample 7B5 (35-37 cm of the same 
organic components but from greater depth) showed that 
the peak intensity of these biomarkers decreases with 
depth (Fig. 7.13) . This can obviously be related to the 
degradation/preservationn of the reed material with time 
and overburden; however, both are from a freshwater 
environmental setting. On the other hand the nature of 
the environment may show different types of biomarkers 
(Fig. 7.12) . The intensity of the biomarkers and their 
types are quite different in the brackish-water Hammar 
marsh (i.e. sample 18P2) and the relatively saline-water 
Luqait marsh (i.e. sample 15A5). Also this may be related 
to the sedimentary unit from which each of the samples 
was collected; while 18P2 comes from the organic-rich 
layer, the sample 15A5 represents a brackish/marine unit. 
The same differences are detected between sample 15A5 and 
a sample from the Hammar lake (i.e. 13A2) rich in organic 
content from just beneath the surface of the sediment. 
The borehole and surface samples also show different 
intensities and occurrences of the mentioned biomarkers 
(Fig. 7.12) . The fresh-brackish ancient organic-rich 
sample BBl (11-11.5 m of borehole B) show various 
biomarkers of high intensity but these do not exceed C24, 
while the younger modern marsh organic-rich sample 9A2 
(13-15 cm of Lake Baghdad) consists of several biomarkers 
some of which are of a very high intensity, which 
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* * 
Sample 78; 
B 
PR 
Sample 5*3 
Fig. 7.13 Gas chromatograms of a sediment from Lake 
Zechri (A) and another from its surrounding marshes (B) 
showing the main biomarker and their relative locations 
when compared to the present hydrocarbons. Note the good 
correlation between the preserved surface peat (7B5) and 
the near-suface organics (5A3) showing the same source of 
the organics in both is mainly reed debris. 
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differentiates them from the others in general, even 
those from other Holocene borehole sequences. 
Finally, it is obvious that the biomarkers are mainly 
from macromolucules derived from the dominant plants 
(i.e. the reeds of Phragmites sp. and Typha sp.) . They 
show different preservation in the samples based on their 
environmental nature and the depth. They can be used as 
very , useful indicators of the dispositional environment 
and also can be used for correlation between various 
samples to support the other correlations based either on 
organic evidence such as organic-matter petrography or 
inorganic evidence such as lithology and inorganic 
geochemistry or faunal contents,..etc. 
7.6 Organic Matter Preservation/Degradation 
For the organic matters to be preserved, the right 
conditions need to exist in the environment of 
deposition. Some of the main factors controlling the 
preservation of these material are; organic accumulation, 
creation of an anoxic medium and high primary 
productivity followed by high sedimentation rate to cover 
the accumulated organics (For details see: Tissot and 
Welte, 1978; Hunt, 1979; McCabe, 1984; Barker, 1986 and 
Pedersen and Calvert, 1990). A relative hiatus in non-
organic sedimentation is required for organic 
accumulation, particularly in active deltaic settings 
(e.g. Frazier, 1974). The accumulated organics must then 
be confined to a relatively stagnant setting which is 
deficient in oxygen. Finally they need to be covered by 
more sediment. It is not simple to provide these ideal 
conditions in well oxygenated arid areas, so the Holocene 
peat accumulation in arid zones have usually been assumed 
to have formed during a wet period (e.g. Chateauneuf et 
al. 1991). 
It is obvious that the so called "peat horizons" of this 
area are in fact organic-rich sediments, mostly 
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carbonaceous muds and occasionally sand, with low organic 
matter content when compared with other Holocene deltaic 
peats such as those found in the Mississippi (Rosters et 
al 1987) . The highest organic contents of these peats 
does not exceed 15% TOC. Secondly, no true peat horizon 
was found but usually the deposits occurred as thin 
laminated organic deposits alternating with mud laminea 
(Fig. 7.3). Considerable compaction of organic matter is 
required before it is preserved as peats, then higher 
compaction is needed to change the peats into coal 
(McCabe, 1984; Kosters, 1989), particularly in deltaic 
muddy sedimentary units such as those of the Tigris-
Euphrates delta. 
Comparing sub-surface peats with the surface organic-rich 
sediments in various ways such as; organic content and 
petrography, Tmax, their hydrogen indices (HI), kerogen 
elemental contents and gas chromatograms; they all show 
similar source materials which were terrestrial plants, 
probably mainly reeds as on the surface. Based on' the 
former analyses, particularly organic matter petrography, 
both surface and subsurface sediments show a highly 
oxygenated environment of deposition. 
Among the modern subenvironments of the Ahwar, the 
preservation of organic matter is only noticeable in some 
northeastern stations such as Zechri lake and surrounding 
marshes (i.e. stations 5,6 and 7 in Fig.1.3). The general 
distribution of the organic content in the studied Ahwar 
sections is high at the surface (up to 15% TOC), then it 
falls toward the deeper parts until it reaches less than 
1% TOC at the base. In the cases of Lake Zechri and its 
surrounding marshes, the organic matter content rises 
within the upper half beneath the surface showing another 
organic-rich layer. It is believed that the main factor 
controlling this preservation was sedimentation rates 
rather than any thing else. This is because the same 
environmental factors are present in the other freshwater 
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lakes of the area (i.e. Lake Baghdad) but these show no 
preservation throughout the core-sections (Fig. 7.1). The 
northeastern area is the only part of the study area 
which showed active modern sedimentation today according 
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to the 'Cs analysis, particularly in the upper 20 cm 
(details will be given in the next chapter about ^^ "^ Cs 
analysis results) . As a result, this could be the same 
factor which controlled the preservation of organics 
during the early and middle Holocene, excluding the 
environmental physical settings and other chemical 
factors. However, in addition a wetter climate is 
reported to have prevailed in the region during early 
Holocene 9000 years ago (COHMAP, 1988). The sedimentation 
may have taken place at high rates during the beginning 
of the Holocene marine transgression because these 
organic-rich units are situated below the brackish/marine 
unit (Hammar Formation). The Tigris-Euphrates delta 
region is reported by archaeologists to have been 
occupied by almost the same lacustrine/marsh environments 
of very extensive reed vegetation cover in previous 
periods. The preservation has therefore mainly taken 
place during the Holocene trasgressive phase when these 
deposits were buried under the transgressive and later 
regressive sediments. However, lacustrine delta settings 
(such as of the Tigris and Euphrates Rivers) have been 
reported to be one of the best environments for peat-
preservation (Tye and Coleman, 1989), but mostly in 
tropical settings of a wet climate and extensive mangrove 
swamps (McCabe, 1984) rather than under arid hot 
conditions such as are found today in the Tigris-
Euphrates . 
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CHAPTER 8 
RADIOMETRY AND ESTIMATION OF GEOTECHNICALLY-CORRECTED 
SEDIMENTATION RATES 
8.1 Preface 
The main purpose of the radiometric analysis (both 
"I o n 
and Cs)is to estimate ancient and modern sedimentation 
rates in the Tigris-Euphrates Deltaic region. Some radio-
carbon dates have been mentioned in previous work on the 
area (e.g. Larsen and Evans, 1978/ Ya'acoub et al. 1981; 
Purser et al. 1982; Al-Zamel, 1983) but that have not 
been used to estimate rates of sedimentation. The general 
lack of details seems to be that only minor amounts of 
organic-carbon can be extracted for age determination 
(Purser, 1990 per. commun.) and this will later lead to 
less precise results despite high costs. Some well 
documented analysis for the organic-rich and 
calcareous shells of northern Arabian Gulf area was 
carried out by Godwin et al (1958) and Al-Zamel (1983) . 
The first was one analysis made on some organic detritus 
mud (thought to be from an ancient freshwater marsh), 
while Al-Zamel (1983) made many analyses of shell 
fragments and few of peaty sediments. 
In this study radio-carbon dating has been carried out 
for five organic-rich (i.e. peaty) Holocene samples and 
four aragonitic shelly samples of two surface sections of 
the Ahwar. In addition, the ^^ "^ Cs analysis of many 
selected samples of the upper 20 cms of some surface 
Ahwar sections have been made. The discussion of all the 
results will be combined with the other previously 
mentioned dates of Godwin et al (1958) and Al-Zamel 
(1983) in order to reconstruct the Holocene geological 
history and to evaluate the Tigris-Euphrates Delta in 
more detail (see chapter 9) . This chapter will focus on 
the interpretation of the dating results and their 
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correction based on some preliminary geotechnical 
compaction tests. 
8.2 Carbon-14 Dating Of Holocene Organic-Rich Sediments 
The carbon-14 dating is essentially based on the 
calculated half-life of 5568 years (Libby, 1952) and is 
today normally referred to the year 1950 A.D. It is very 
well documented as a practical and precise dating 
technique for materials of up to 40, 000 years old (e.g. 
Cattf 1989) . 
Five Holocene organic-rich samples were selected from 
three boreholes (i.e. B, C and G in Fig. 1.3) for 
analysis. The selection was mainly dependent on the 
availability of sufficient sample and its organic content 
which must make up to at least 5 gm or more of pure 
organic-carbon to gain accurate results based on the 
Chronological Laboratory directions of Krueger 
Enterprises Inc., Cambridge, Massachusetts, U.S.A. The 
selection of two samples from borehole B of pre-
transgressive deposits and another two from borehole C of 
post-transgressive deposits helped in the determination 
of the sedimentation rates during these two different 
periods of early and middle Holocene. 
The resulting dates of the organic-rich samples showed 
some very interesting ages for the analysed sediments 
(Table 8.1). They are older with depth, as expected. 
Also, within the same borehole, the differences of ages 
are quite visible even within 0.5-1.0 m ranges. 
The plot of these measured dates with the formerly 
reported dates of Godwin et al (1958) and Al-Zamel (1983) 
for the northern Arabian Gulf coupled with other dates 
around the world showed good agreement (Fig. 8.1) with 
the samples fitting quite well on the worldwide eustatic 
curve (Godwin et al. 1958) . There was no evidence of any 
tectonic displacement and seems therefore that the sea 
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Table 8.1: The determined ages of five Holocene organic-rich samples 
(by Krueger Enterprise Inc., Labs, U.S .A. ) 
Sample No Borehole Depth (m) TOC% in 
the bulk 
sample 
Determined Age by 
BBl B 11.0-11.5 14.55 6615 + 90 years B.P. 
BB2 B 11.5-12.0 3.08 7255 + 100 years B.P. 
BC9 C 5.5-5.7 1.54 5510 + 175 years B.P. 
BCIO C 5.4-5.5 1.35 5460 + 175 years B.P. 
BG3 G 14.0-14.2 4.75 8350 + 230 years B.P. 
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F i g . 8 . 1 A comparison between the results of dating of 
the sediments of the Tigris-Euphrates Delta (i.e. 
Northern Arabian Gulf) and the world-wide dates of the 
Holocene indicating the influence of the sea-level 
changes as the factor of the deltaic evolution rather 
than tectonics. 
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level fluctuations during the Holocene were (and probably 
are today) the main factor in the deltaic development. 
Hence the transgression of the sea in the deltaic area of 
the Tigris-Euphrates Rivers (Larsen and Evans, 1978; 
Evans, 1979; Rzoska, 1980; Al-Zamel, 1983; Al-Azzawi, 
1986; Sanlaville, 1989; Baltzer and Purser, 1990, Aqrawi, 
1993b etc.) has apparently led to the burial and the 
preservation of the organics during the early to middle 
Holocene. 
8.3 Dating Of The Near-Surface Shelly Sediments 
To complete an understanding of sedimention during the 
Holocene, it was necessary to analyse some other samples 
from the near surface deposits of the Ahwar. The 
limitation in number of the former mentioned analyses of 
section 8.2 was due to the limited funds. So other 
alternative methods were used to carry out some cheaper 
analysis which was less accurate but at least helped in 
the understanding of the area. Another difficulty was 
that although there was not sufficient shelly material 
available for dating all sections because of the small 
core diameters, it was possible to collect enough 
material for dating from four samples of two hand-dug pit 
sections (i.e. stations 19 and 20) of the Ahwar. Both are 
dried parts of the Lakes Hammar and Luqait respectively 
(see Fig.1.3 for locations). The pure clean aragonitic 
shells used in the analysis of each samples was of 
different weight but usually more than 10 gm and up to 25 
gm. The results, with their wide range of accuracy, were 
still very interesting (Table 8.2) . In section 19 the 
Bellamya sp. shells gave a modern age for the sample 19P1 
(i.e. the uppermost 3 cm of the section), whereas the age 
at 35-40 cm (i.e. sample 19P3) of Millanoids sp. and 
Melanopsis sp. shells was 2900 =»= 500 years. This station, 
in dried part of the centre of the Lake Hammar, shows a 
very unexpected old age for the sample 19P3. Also the age 
of the surface sample 20P1 of section 20 (i.e. 3850 ^ 950 
years) was unexpected. However, shells of the same shell 
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Table 8.2: The determmed "C ages of four shelly samples of surface 
sediments of the Ahwar (by the University of London Labs.) 
Sample 
No 
Station Depth (cm) CaC03% in 
the bulk 
sample 
Determined Age "C 
19P1 19 0 - 3 23.42 <400 years BP . 
19P3 19 35 - 40 36.87 2900 ± 550 years B P. 
20P1 20 0 - 5 31.63 2350 ± 500 years BP . 
20P2 20 45 - 50 36.28 3850 ± 950 years B P. 
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species as in 19P3 were used for dating and the two 
horizons can be correlated based on the general 
stratigraphy (Fig. 8.2). On the other hand the age of the 
deepest sample (i.e. 20P2) of 45-50 cm depth (station 20) 
was not very surprising, while all the material used was 
of marine shell fragments such as oysters, crabs, 
gastropods, corals, etc. The sediments of the latter 
station and its sediments have been well described by 
Ya'acoub et al (1981), Purser at al. (1982) and Baltzer 
and Purser (1990). These workers, based on the findings 
from this area, considered all the southern areas of 
Hammar Lake and marshes to be of recent ages. Aqrawi 
(1993b) has discussed these ages based on the field 
observations and tectonic map of the area to explain the 
Ahwar evolution. 
The dates obtained in this study for the four above 
samples cannot be used to generalise about the whole area 
of study, but they can be used for Hammar Lake and 
marshes depending upon the general stratigraphic 
correlation of the sedimentary units (Fig. 3.14). They 
can even be applied to some parts of the freshwater areas 
such as Lake Baghdad. Areas further to the northeast 
(i.e. Stations 5, 6 and 7) are of a different facies in 
the upper 30 cm; however the lower parts (deeper than 30 
cm) are very similar in all the area (i.e. unit 3 of 
chapter 3) . It is either a brackish/marine or ancient 
fluvial muddy units. 
8.4 Dating Of The Surface Sediments Of The Ahwar 
Since the early seventies the ^^ "^ Cs has been widely used 
in determining both deposition and erosion rates (e.g. 
Ritchie et al. 1973 and 1975; Costa, 1975; Ritchie and 
McHenry, 1990; Walling et al. 1992). The Cs-137 has a 
half-life of only 30 years but with a strong gamma ray 
which makes it easy to detect. The main source of this 
radioactive element is the nuclear bomb radiation. The 
high concentration of ^^ "^ Cs is usually referred to the 
248 
20 
Dried Luqait 
Lake 
2350 + 500 yrs B.P. IIIH 
3850 ± 950 yrs B.P. 
Dried Hammar 
4 - : -
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10km 
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U 6 - I Lacustrine 
Beach blozone of leached 
estuarine gastropods and oysters 
Alluvial 
H U S s h Molluscs B Estuarine 
Fig. 8.2 Correlation between the sedimentary units of 
the stations; 19 and 20 with dated shell-samples. 
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beginning of the sixties (Happ, 1968) . The determination 
of that, relatively high concentrated, datum is usually 
used to estimate the sedimentation rate in a specific 
area. Also the correlation of that datum between several 
stations can show the areas of sedimentation or erosion 
among the studied region. So the ^^ "^ Cs determination of 
sedimentation rates usually needs many analyses for every 
station. 
Twenty seven samples have been analysed for ^^ "^ Cs 
activity determination in two stages of analysis. The 
first stage was the analysis of a batch of 14 samples 
mainly from the upper few centimeters of surface stations 
of the Ahwar in addition to some other samples of 
boreholes C and H. In the second batch, only the sites of 
promising activities were selected to gain more possible 
data. The latter was mainly restricted to six cores from 
stations 1, 7, 8, 9, 10 and 13. The samples of the second 
batch were selected along each core section down to at 
least 10 cm and sometimes down to 23 cm. The combined 
activity results of the two batches has been transformed 
into mBq/gm for each sample (Table 8.3), It is usual that 
the activities are transformed to mBq/cm^ or mBq/g (i.e. 
per area or per weight) to make the correlation between 
the samples more simple and realistic (Ritchie et al 
1973) . However, it is important to stress that the very 
intensive small scale survey along each section may give 
more detailed and reliable results to show many clearly 
change in the activities. 
The calculated activities of each of the six sections 
have been plotted (Fig.8.3) and interpreted individually 
because each one represents a distinctive modern 
sedimentary environment in the study area. It is quite 
obvious that three of these show reasonable correlation. 
These are namely the cores IB (Hammar Marsh), 13A (Hammar 
Lake) and lOA (Crevasse-splay of the Euphrates is the of 
northwest Lake Hammar) . The three show high 
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Table 8.3: The determined activities of as BBq/g (activity/amount) 
for the analysed sediments of different subenvironments 
1 Sample/Core Depth oi Activity iBq/q Locality 
1 IBl 0-3 15.3 Eammar Harsh 
1B2 3-7 10.0 Eamnar Harsh 
1B3 7-11 4.8 Hammar Harsh 
TBI 0-3 23.3 Lake Zechri 
7B2 3-7 21.9 Lake Zechri 
7B3 10-13 22.0 Lake Zechri 
8A1 0-3 11.1 Euphrates Levee 
8A2 3-6 15.8 Euphrates Levee 
8A3 8-9 11.2 Euphrates Levee 
8A4 9-12 8.3 Euphrates Levee 
8A5 12-15 9.4 Euphrates Levee 
8A6 15-20 5.5 Euphrates Levee 
9A1 0-3 7.1 Lake Baghdad 
9A2a 3-8 11.2 Lake Baghdad 
9A2 25-28 0.0 Lake Baghdad 
lOAl 0-3.5 16.2 Euphrates Crevasse-splay 
10A2 3.5-6 12.0 tf 
10A3 6-9 13.1 f1 
13A1 0-3 20.7 Lake Hamar 
13A2 3-7 14.2 Lake Hamaar 
13A3 7-11 15.4 Lake Bammar 
13A2 18-20 0.0 Lake Banmar 
15A1 0-2.5 7.5 Luqait Harsh 
20P1 0-5 3.2 Lake Luqait 
21P1 0-5 3.4 Kuraiz Al-Helih Area 
BCl 0-2 0.0 Borehole C 
B1 0-25 0.0 Borehole H 
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Fig. 8.3 Distribution of in selected cores from 
different environments of the study area. 
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concentrations at the surface and then the values fall 
gradually with depth and may reach zero at a depth of 18 
cm (as in 13A). These three sections therefore show no 
signs of high deposition, and hence the surface sediment 
was exposed (i.e. uncovered by later sediments) during 
the high intensities of early sixties ^^ "^ Cs. However, 
neither show any signs of erosion. So, most of the areas 
around these stations do not appear to have been supplied 
with much sediment for at least 30 years. 
On the contrary the other three sections show some higher 
rates of sedimentations but of different modes because a 
relatively deeper, higher intensity levels present in 
each section. In core 9A a high level occurs 
approximately at 3 cm depth which falls again to zero at 
23 cm depth as in the previously described three sections 
IB, lOA and 13A. The same is found in the core 8A of 
Euphrates levee. Both cores show that some sedimention 
has occurred during the last 30 years but not very much. 
However, it is important to state that the sample of the 
upper 3 cm of core 9A from Lake Baghdad is composed 
mainly of organic matter rather than siliciclastic 
sediments. So if this is ignored the section correlates 
well with the former three (i.e. IB, 13A and lOA) and 
particularly with 13A of Hammar Lake. This again means 
that virtually no detrital sedimentation has taken place 
over last 30 years. 
The levee core (i.e. section 8A) is distinct from the 
others in the upper (20 cm) part as has been already 
described in other chapters (e.g. 3, 4, 5, 6 etc) . But, 
even in this section the sedimentation over the last 30 
years has been generally no more than 5 cm (Fig. 8.3) . 
Unfortuatly these upper five centimeters are believed to 
be contaminated with artificial deposits in the vicinity 
of this station (as it is very close to a new constructed 
bridge). 
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The last section of core 7B (Lake Zechri) is very 
different from all other cores. The three analysed 
samples of this section showed very high activity 
(Table 8.3). More analyses deeper than 13 cm are required 
to delineate the level where the activities fall. 
However, the abnormal very high intensities of ^^ "^ Cs 
activities along the analysed parts of the core-section 
may either be interpreted as being due to very high 
sedimentation in this area or because of some artificial 
factor. The first assumption is possible but the latter 
is more probable as the area around the eastern sides of 
Lake Zechri has undergone intensive oil exploration and 
construction of irrigation projects which have resulted 
in the building of many artificial dikes. The main dike 
recently affected the eastern sides of the surrounding 
marshes and changed it into a dried marsh covered by 
extensive blanket of degraded reed fragments with a 
thickness of more than 20 cm. 
Finally, although these preliminary results cannot be 
regarded as being more than a reconnainsance and what 
appear to be an interesting conclusion of ^^ "^ Cs results is 
that there is no evidence of high rates of sedimentation 
over the study area except possibly in Lake Zechri and on 
the Euphrates levee (i.e. stations 7 and 8 in Fig. 1.3). 
However, both of these show some differences in other 
characters such as lithology, faunal contents, etc., 
particularly in the upper 20 cm and especially within 
Zechri lake. The estimation of the sedimentation rates 
for these two sections based on ^^ "^ Cs will be combined 
with the ratios obtained from datings in the next 
section. 
8.5 The Accumulation Rates Of Sediments 
Based on the results reported in this chapter, it is 
possible to calculate the accumulation rates of the 
sediments. The simple rate has been obtained by dividing 
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the thickness of the dated column by the estimated age of 
the dated sample. This is commonly done in most 
sedimentological studies, but this method ignores the 
effect of sediments consolidation with depth and time. So 
it is usually called sedimentation-rate but uncorrected 
for compaction. In this section these sedimentation rates 
will be calculated and interpreted. Later in the chapter, 
the correction of these rates will be addressed based on 
a preliminary geotechnical approach developed especially 
for the study area and for this purpose. 
8.5.1 The sedimentation rates obtained by the dating of 
organic-carbon 
The dating of the five Holocene organic-rich sediments 
offered opportunities for determination of sedimentation 
rates for the area of study since and during the middle 
Holocene. The above calculations show rates between 1 to 
about 1.8 mm/year of sedimentation from 8400 years 
B.P.(borehole G) to present (Table 8.4). The higher 
sedimentation rate is in the borehole closest to the 
depositional axis of the Mesopotamian foreland basin 
(i.e. boreholes B and G). On the other hand the desertic 
marginal borehole C showed sedimentation rates of about 1 
mm/year for both samples (i.e. BC9 and BCIO). 
Sedimentation between 6500 and 6000 years in borehole B 
and 6000 and 5500 years in borehole C showed numerous 
differences. This rate in borehole B was almost the same 
(i.e 1.65 mm/year) as the previous general calculations 
from the same borehole, but in borehole C it was 6 
mm/year. The latter may either be because of the minor 
differences between the depths of the two samples dated 
or may be due to high supply of aeolian sedimentation 
during the time of deposition to this particular area 
(i.e. such a sand dune advance). However, it should be 
noted the range of accuracy is less in the samples from 
borehole C ( 205 years) than those from borehole B ( 100 
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Table 8.4 The calculated rates of sedimentation (not corrected for 
compaction) from both surface and subsurface dated 
sediments 
Samples and 
Station/Borehole 
Dating 
Technique 
Geotechnically 
uncorrected 
sedimentation 
rate 
Sediment nature Period 
Station 19 (19P,) '*C of shells 0.160 mm/Year Modem Ahwar late Holocene 
Borehole B (BBl) '^ C of Peats 1.740 mm/Year All succession 
above 
middle to late 
Holocene 
Borehole B (BB2) " 1.654 mm/Year All succession 
above 
mid-late 
Holocene 
Borehole C (BC9) 1.034 mm/Year All succession 
above 
middle Holocene 
to late Holocene 
Borehole C 
(BCIO) 
1.007 mm/Year All succession 
above 
middle to late 
Holocene 
Borehole G 1.701 mm/Year All succession 
above 
middle to late 
Holocene 
Station 20 (20Pi 
& 2OP2) 
'*C of shells 0.300 mm/Year Brackish/marine late Holocene 
Borehole B (BBl 
& BB2) 
"C of Peats 1.563 mm/Year Aancient 
Lake/Marsh 
middle Holocene 
Borehole C (BC9 
& BCIO) 
6 mm/Year above Ancient coastal 
marsh 
middle Holocene 
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years) because of the amount of organic carbon available 
for analysis. 
Generally, the sedimentation rates in the study area seem 
to be quite low compared with other Holocene estuarine 
and deltaic areas. For example the sedimentation rate in 
Mississippi delta was calculated to be as much as 8 
mm/year (Kidwell & Hunt, 1958) and 2,5 mm/year in the 
Holocene in the Avonmouth estuary (Skempton, 1969). The 
rate measured would be higher if the high consolidation 
rates of the dominant muddy sediments of the Holocene 
successions are taken into account (details will be given 
later in this chapter). 
8.5.2 The sedimentation rates obtained from the dating of 
aragonitic shells 
The dating of four shelly samples of two surface Ahwar 
sections (i.e. stations 19 and 20) has been used to 
determine the sedimentation rates in the modern Ahwar 
area. The estimation of the sedimentation rate for the 
upper part of lacustrine/marsh sediments is mainly based 
on the dating of sample 19P3 of station 19 (a dried part 
of Lake Hammar) . It shows a very low rate of 
sedimentation of less than 0.2 mm/year (Table 8.4), 
compared with the above mentioned rates calculated from 
Holocene peaty sediments. Even by taking into account the 
effects of compaction, the rate is very low indicating a 
very low rate of sedimentation during the late Holocene, 
in Lake Hammar and surrounding marshes. On the other hand 
the date of the surface sample 20P1 (station 20) appear 
to indicate erosion which is thought to be due to a 
neotectonic activity along the main western basin margins 
(Aqrawi, 1993b) or non deposition at this site since 2350 
years B.P.&erosional effects . However, the calculation 
of the accumulation rates during the period of deposition 
of both 20P1 and 20P2 samples (of brackish/marine 
sediments) show a relatively higher rate (i.e. 0.3 
mm/year) but it is still lower than the rates obtained 
2 57 
using the Holocene organic-rich sediments. Although the 
range of accuracy of these shelly dates is not very high 
(reaching about ± 950 in sample 20P2 and at least ± 500 
years in the others) , the rate of sedimentation in the 
area does seem to have been very low over the last 2000-
3000 years. A change in the amount of the rivers 
discharge which can reach the area after the retreat of 
the Holocene marine influence is the most acceptable 
interpretation. This may have caused the main rivers 
(i.e. Tigris and Euphrates) to deposit most of their 
loads in areas outside the study area. In addition, the 
water managements of ancient Mesopotamia reached higher 
levels of sophistication in the late Holocene and was 
continued particulary in the Islamic Abbassid Era (Sousa, 
1963; Nutzel, 1975) and this would have generally 
greatly influenced the supply of fluvial sediments to the 
area. 
8.5.3 Modern sedimentation in the Ahwar region through 
results 
The analysis of the surface sediments of Ahwar showed 
that most of the area is either subjected to erosion or 
non or slow sedimentation. The erosion is quite clear in 
stations of southwestern Hammar lake (i.e. 15,20) where 
the measured activity of ^^ "^ Cs was very low (see Table 
8.3). Non-sedimentation is also obvious when relatively 
high ^^ "^ Cs are activities found only close to the upper 
surface (i.e. 0-3cm) layer of some stations (e.g. 1, 10, 
13) . The latter activities might be even in the first 
upper centimeter, because an intense grid of analyses was 
not employed in such an analysis. It is important to be 
certain of this. So the conclusion is that the area has 
not been one of a high rate of sedimentation during the 
last 30 years (i.e. the half life of Caesium-137). 
It is possible that some of these apparent relatively 
fast sedimentation in the areas surrounding stations 7 
and 8 are caused artificially by man's activity. As the 
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northeastern areas show lithological differences to other 
parts of the study area; the latter is believed to be the 
cause of different rates of sedimentation. 
8.6 Geotechnical Consolidation Results 
Sediments deposited in any basin are subjected to 
consolidation with time, particularly as a result of the 
mechanical compaction caused by overburden. As a result 
of these processes the observed preserved thickness of a 
succession does not represent the original column of 
sediments which has been accumulated during a particular 
point in time, and which can be easily estimated by 
various dating techniques. This has led to an 
investigation of the role of overburden compaction in a 
preliminary approach in order to set up more reliable 
sedimentation rates based on the dates. The starting 
assumption was to consider that the compaction by 
overburden is the main, if not the only, factor 
controlling the consolidation of the deposited sediments 
of the area. 
The variability of the sedimentary lithologies above the 
dated datums in each borehole in particular, and in the 
whole area in general, has been reduced by choosing the 
three dominant types of sediments, These are presented by 
three main samples (sand, silt and clay) / each represents 
the most abundant facies of each size-fraction based on 
the grain-size analysis. The results are expressed as 
correction x-y curves between depth (x-axis) and 
percentage of reduction in height (y-axis) by considering 
the main effect of overburden as volume reduction of the 
strata below and therefore a reduction in thickness. 
This method resulted in a correction curve for each 
lithology (i.e. sand, silt and clay). The three curves 
have then modified into one main correction curve 
according to the percentage of each size-fraction in the 
general Holocene sedimentary column of the area; and this 
latter curve has been employed to correct the data from 
2 59 
boreholes B and G in which the detailed lithology was 
unknown. 
8.6.1. The correction curves establishment for sand, 
silt and clay size lithological types 
Using a Casagrande Oedometer, each selected friable 
sample with a pre-determined moisture content (of sand, 
silt or clay facies) has been subjected to at least five 
tests (see methodology for details) . A curve has been 
plotted for each lithology (Fig. 8.4) which shows degree 
of height reduction of each column of the sediments if it 
is considered as being completely composed of that 
distinct lithology. It is clear from the three curves of 
Figure (8.4) that greatest reduction (i.e. mechanical 
consolidation) of each facies can occur within the upper 
first 2 meters. After this depth-interval they will 
stabilise, particularly after 5 m depth, except for the 
clay facies. The sand facies showed the lowest compaction 
(i.e. reduction in volume), while the clay facies showed 
the highest; the silt was intermediate. The main 
conclusion of this section is that the critical depth is 
the first 2-3 meters after which a steady change will 
replace the rapid changes in reduction of porosity or 
void-ratio in each lithology. The changes of structure 
and the re-arrangement of the particles are more 
important in finer rather than in the coarser sediments 
(Rieke & Chilingarian, 1974). 
8.6.2 The general sedimentation correction curve for the 
study sediments 
In order to unify the previous three established curves 
and make them applicable to the dates obtained from 
boreholes of unknown lithology, a general correction 
curve has been plotted (Fig. 8.5) . This curve is 
dependant on data from the former three curves of sand, 
silt and clay lithologies but according to their relative 
and general abundance in the studied successions. The 
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latter has been calculated on the dominant lithological 
distribution (Table 8.5). 
The general corrected curve obviously shows the role of 
mechanical consolidation on the change of thickness of 
the strata which results in the change of the calculated 
sedimentation rates by an increase of 28% for the rates 
based on dating of the Holocene sediments and up to 18% 
for the rates based on the dates of the surface Ahwar 
sediments. 
However, the role of overburden compaction may not be 
really suitable for accurate geologic applications (Rieke 
and Chilingarian, 1974) because of the many other factors 
(i.e chemical changes) involved in the consolidation 
process of a sedimentary column. During natural 
compaction many changes can control the nature of the 
initial water filling the pores, also the chemical 
composition of the water (Rieke and Chilingarian, 1974). 
Also, it is very important to mention that in arid areas, 
such as the study area, settlement may occur due to the 
withdrawal of ground water (Culshaw et al. 1991). The 
occurrence of syn-diagenetic products in the arid 
alluvial plain and coastal deposits such as gypsum and 
carbonate cementation are other variables affecting 
consolidation prediction of the sediments as the growth 
of such minerals can jack-up the surface sediments. 
Although, a split of all risks of the above mentioned 
factors, particularly in arid regions, it is important to 
take into account the main role of overburden in changing 
the thickness for the determination of more realistic 
sedimentation rates. 
As a main conclusion, this compaction has caused about 
15-30% reduction of the sedimentary column of the area. 
This amount can enlarge every previously calculated 
sedimentation rate by the same percentage according to 
the depth of the dated sample and the nature of the 
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Table 8.5: The calculated reduction of thickness for every lithological type against 
depth based on compaction tests which were used in the plotting of correction 
curves for each. The last column to the right show the average used in the plotting 
of the general correction curve for both borehole and surface sections. 
Depth in m Sand Silt Clay Summary 
for the 
general 
correction 
curve 
0.0 0.0 0.0 0.0 0.0 
0.3 10.0 13.3 16.3 13.1 
0.6 11.2 16.6 17.6 15.5 
0.9 12.1 20.6 19.2 18.2 
2.5 14.7 24.1 25.1 22.1 
5.0 1.1 28.4 27.8 25.5 
10.0 17.9 29.2 30.1 26.7 
15.0 18.4 30.1 32.3 27.8 
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succession covering the sample based on the correction 
curves. 
8.7 Correction Of The Calculated Sedimentation Rates 
The correction of the sedimentation rates calculated 
previously in this chapter (see section 8,5) showed 
numerous differences (Table 8.6) based on the former 
established curves (Figs. 8.4 and 8.5). An addition of 
one fifth and up to one third is made for the calculated 
sedimentation according to the depth of each dated sample 
and the nature of the sediments overlying it. This 
addition can be negligible for the surface Ahwar dates 
because of the very low sedimentation rates, but it 
changes the total figures of the general Holocene 
sedimentation rates, particularly those from boreholes B 
and G. 
The corrections made based on known overlying column and 
its lithological percentage (e.g. borehole C) showed 
visible differences with the corrections of the same 
rates using the general curve. The corrected rates based 
on the known percentages for the samples BC9 and BCIO 
were 1.355 and 1.319 mm/year respectively (Table 8.6 ), 
whereas according to the general curve the corrected 
rates were only 1.301 and 1.264 mm/year. Hence, 
differences of 0.05 mm/year are found between the two 
methods. This difference would affect the rates much more 
if they were more than 2 mm/year as in the other samples 
rates (i.e. BBl, BB2 and BG3) . So the latter should give 
even larger corrected rates if the overlying succession 
was known exactly. 
Expanded as m/1000 years, the sedimentation in Lower 
Mesopotamia during middle to late Holocene ranged between 
1.3-2.2 m/1000 year according to the location relative to 
the rivers input. It was higher along the basin axis and 
in areas of crevasse-splay and reduced towards the 
western margins. In the late Holocene (i.e. last 3000 
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Table 8.6: Correction of the calculated sedimentation rates 
based on the plotted correction curves 
(note the differences as increased amounts of about 30% to each former figure 
due to compaction) 
Sample No & 
Station/Borehole 
The calculated 
sedimentation rate 
Sedimentation Rates 
(corrected for 
compaction) 
I9P3 - station 19 0.160 mm/Year 0.179 mm/Year 
BBl - borehole B 1.740 mm/Year 2.210 mm/Year 
BB2 - borehole B 1.654 mm/Year 2.087 mm/Year 
BC9 - borehole C 1.034 mm/Year 1.355 mm/Year 
BCIO - borehole C 1.007 mm/Year 1.319 mm/Year 
BG3 - borehole G 1.701 mm/Year 2.170 mm/Year 
20P, & 20P, - Station 20 0.300 mm/Year 0.343 mm/Year 
BBl & BB2 - " B 1.563 mm/Year 1.844 mm/Year 
BC9 & BCIO - borehole C 6 mm/Year 7.68 mm/Year 
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years) the sedimentation rates did not exceed 0.35 m/1000 
years and dropped to even 0.18 m/1000 years. Today 
sedimentation is almost negligible in the study area. 
This is persumably because of the almost complete 
isolation from fluviatile sources (except some parts in 
times of flood) due to exclusive river-waters in the 
area. However, the area is not isolated from aeolian 
sources and presumably this mechanism is the dominant 
supplier of sediments to the area of study, but again if 
the figures are correct, this appear to be very small. 
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CHAPTER 9 
HOLOCENE GEOLOGICAL HISTORY OF THE LOWER MESOPOTAMIA; 
A DISCUSSION 
9.1 General 
The discussion of the Holocene history of the 
Mesopotamian plains varied according to the previous 
workers interest and findings. The earlier archaeologists 
suggested that the coastline lay far to the NW to its 
present position to north of Baghdad (Beke, 1835; 
DeMorgan, 1900). Others discussed and explained the 
morphology of the area mainly by tectonic activity (e.g. 
Lees and Falcon, 1952; Hansman, 1978) and claimed that 
there was no evidence for extensive marine flooding and 
deltaic progradation during the Holocene. Later, the old 
ideas of DeMorgan (1900) were renewed (Larsen, 1975; 
Larsen and Evans, 1978; Evans, 1979) taking into account 
the development in the geological understanding of the 
whole Arabian Gulf (e.g. Evans et al., 1969; Purser, 
1973) . This led to the return to the idea of a deltaic 
progradation for as much as 150-180 km within Lower 
Mesopotamia (Larsen and Evans, 1978). The last concept 
was supported by further research carried out later about 
the area (Rzoska, 1980; Al-Zamel, 1983; Ya'acoub et al. 
1981; Purser et al. 1982; Al-Azzawi, 1986; Sanlaville, 
1989; Baltzer and Purser, 1990; Aqrawi, 1993b). Most of 
these workers have been impressed by the influence of the 
middle Holocene eustatically induced marine transgression 
on the sedimentation of the area and the evolution of 
present geomorphology rather than that of tectonics. 
However, much more accurate information is still required 
to complete the understanding of the Holocene-history of 
the Delta. Although a combined archaeological-
geomorphological- geological study was recommended 
(Larsen and Evans, 1978 ; Evans, 1979) for this 
important delta. The area has received relatively little 
attention due to various difficulties including the 
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terrain and recently as it has been close to the 
battlefields of several major conflicts. 
The Holocene history of the delta will be reviewed based 
on new data gained about the area during the present work 
as well as the data from previous studies also taking 
into consideration most of the published archaeological 
and historical work. In addition, recent changes and 
results about global Holocene climate (COHMAP, 1988) and 
sea level change tendencies (Shennan, 1989) will be used 
in interpreting the sedimentological evidence and 
relating this as much as possible to the conclusions of 
the historical and archaeological writers. However, it 
must be pointed out that the available materials, 
particularly of the boreholes, would be more valuable if 
there was better cover of the whole Lower Mesopotamian 
plains, in addition, if more radiocarbon dates were 
available. 
9.2 Southern Mosopotamia In The Late Pleistocene And 
Early Holocene 
The Pleistocene siliciclastic deposits in southern 
Mesopotamia wedge-out toward the western margins, where 
the Dibddiba Formation (Pliocene) underlies the Holocene 
deposits (Fig.3.19 boreholes C, D and H) . However, the 
delineation of the boundary between Holocene and 
Pleistocene is not an easy task in this area (Ya'acoub et 
al. 1981/ Raji and Salman, 1983). 
The beginning of the Holocene (end of the Pleistocene) 
approximately 11,000 years B.P.) can be considered as a 
period of transition and fluctuation which lasted several 
thousand years (Curray, 1961) rather than an abrupt 
change. The ending of glacial regimes were more dependent 
upon mean temperature than upon precipitation 
(Fairbridge, 1963) when the climate became more arid, 
particularly in the mid-latitudes, including the Arabian 
Gulf region and southern Mesopotamia (Sarnthein, 1971). 
269 
Eighteen thousand years before present (B.P.), sea level 
was more than 100 m lower than it is today, when the 
Weichsel-Wisconsin glaciation was at a maximum. During 
the last glacial stage it has been suggestaA that the 
mouths of the Mesopotamian rivers were at the shelf 
margin in the Gulf of Oman (Sarnthein, 1971) with a 
concomitant increase in their length of about 800 km 
toward the southeast (Kassler, 1973) . No true delta is 
believed to be formed but some lakes and marshes (i.e. 
similar to the modern Ahwar of southern Mesopotamia) were 
present along the river course (Sarnthein, 1971; 
Glennie, 1991) . There were probably some sea level 
oscillations and these have left relict terraces of 
terrigenous sediments within the modern Gulf. 
As the ice melted sea level rose to produce the 
Flandarian transgression. The ice sheets began to 
dissipate by mostly because of cyclical Earth-orbital 
variations in the inclination of the Earth's axis and in 
the seasonal Earth-Sun distance (COHMAP, 1988) together 
with ice sheet dynamics and changes in the ocean 
circulation causing the rise of the level of the sea. The 
latter continued until approximately 7000 years B.P. and 
then the rise became slower(Fairbridge, 1958). Stoffers 
and Ross (1979) concluded that the sea had reached the 
northern end of the Gulf about 8500 years B.P. Sarnthein 
(1971) suggested that by about 6000 years B.P. the 
Arabian Gulf had attained roughly the present coast. Al-
Zamel (1983) agreed with the former that the sea reached 
the present position of the Shatt Al-Arab delta and the 
southern shore of Bubiyan Island, probably about 6000-
6500 years ago. 
The climate changed into one which was a warmer and 
wetter in July and cooler in January than present about 
9000 years B.P. (COHMAP, 1988) in the region and 
obviously affected the life and morphology of the study 
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area and whole Arabian Gulf region. A transition from 
nomadic to sedentary life in the early Holocene caused by 
the climatic change has been suggested by Diester (1973). 
Certainly peat (or organic-rich) remains suggest the 
presence of swamps/marshes developed within the period of 
about 9000 to 8000 years B.P. (Godwin et al., 1958; Al-
Zamal, 1983) at the head of the Gulf. A date determined 
for this study within the vicinity of Basrah (i.e. in 
borehole G, 8350 + 230 years B.P.) also supports the idea 
(see chapters 7 & 8 for details). 
Historically, the reed marshes have been reported to have 
prevailed in southern Mesopotamia and reed had been used 
in building (Oates, 1969; Roberts, 1990) before the 
bricks made by the Sumerians (i.e. 6000 years 
ago)(Thesiger, 1967; Young, 1977 & 1980) were used in the 
construction of their temples such as the Ziggurat of Ur. 
Human habitations around depressions even in west of Iraq 
is believed to have occurred 8000 years B.P. (Whyte, 
1961; Glushko, 1990). 
The analysis of the available borehole sections has shown 
that the central and eastern areas of lower Mesopotamia 
were occupied by river channels and associated lake/marsh 
(Ahwar), particularly along the depositional axis of the 
foreland basin. Freshwater mud and sands have been 
described by Godwin et al (1958) and Al-Zamel (1983) from 
Fao and Bubiyan Island at the north of the modern Gulf 
respectively. The same succession can be followed toward 
the hinterland of Mesopotamia to the vicinity of Basrah 
(i.e. boreholes F, G ,and E) as far as Amara (borehole A) . 
These fluvial deposits contain greater admixture of 
aeolian material towards the western margins. The aeolian 
contribution for these desertic wedges represented by 
playa deposits reflecting more arid conditions, 
especially for deposits covered by the brackish/marine 
Hammar Formation (see Fig. 3. 19 for detailed 
correlation). 
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The dominance of a wetter climate in the early Holocene 
is shown by the peat (or carbonaceous muds) preserved at 
depths about 14 m in Basrah, 20-24 m in north Bubiyan and 
at about 30 m in Fao (i.e. along the depositional axis). 
However, during the wetter climatic period of about 9000 
B.P. (COHMAP, 1988) there were locally fluctuating 
conditions which have led to the preservation of the 
three levels of peat in Bubiyan reported by Al-Zamel 
(1983) . The same fluctuation has been reported based on 
palynological evidence in Iranian region for the same 
periods (e.g. Zeist and Wright, 1963) . The uncompleted 
section of the boreholes F and G did not allow this to be 
checked at these locations. The change of facies in these 
two boreholes within 13-15 m depths from organic-rich 
muds and sands of freshwater sources (chapter 7) upward 
into sediments of the Hammar Formation is clearly 
observed and can be easily correlated with the similar 
change in the other boreholes (i.e. H, E and D). 
The general pattern of the sedimentary units older than 
the sediments of the Hammar Formation of the mid-Holocene 
(i.e. the units of early Holocene) showed that different 
sedimentary environments existed in southern Mesopotamia 
before the marine influence reached the area. Whereas, 
fluvial conditions dominated toward north with increasing 
areas of marshes and lakes (Ahwar) toward the south. The 
western areas were affected by the proximately of the 
desert leading to the invasion of dunes and mobile sands 
as is found today. 
The fluvial-lacustrine environmental complex which 
dominated southern Mesopotamia and the northern Arabian 
Gulf remained until at least 8500 years B.P. (Stoffers 
and Ross, 1979) and even as late as 7000 years B.P. when 
the last rise of sea level became slower (e.g. Evans et 
al., 1969; Al-Zamel, 1983) and finally reached 
approximately its present level about 4000 years B.P. 
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The date of the joining of the Tigris and the Euphrates 
rivers in the Holocene is not well documented either when 
or where, but the occurrence of a river which extend 
along the Gulf axis in the Late Pliestocene/early 
Holocene appears well established (e.g. Sarnthein, 1971; 
Kassler, 1973). According to archaeological evidence the 
Euphrates flowed into the Gulf as an individual channel 
crossing the areas of Khor Al-Zubair and Khor Al-Subiyah 
of today (Wilson, 1925). 
9.3 The Influence Of The Marine Transgression During The 
Middle Holocene On Lower Mesopotamia 
Most previous workers agree that the late Pleistocene-
early Holocene rise of the sea level was slowing down 
around 7000 years B.P. (e.g. Godwin, et al. 1958; 
Fairbridge, 1961; Evans et al. 1969; Chappell, 1983). 
The remainder of the period (i.e. 7000 year B.P. until 
present) was characterised by a sea-level rise with 
oscillations (positive and negative) vary from 
approximately 1 to 3 m (Fairbridge, 1963; Morner, 
1987, etc) . The new isostatic ideas about the sea level 
(e.g. Shennan, 1989; Morner, 1992) have suggested that 
both positive and negative tendencies of the sea level 
have occurred even from 4000 years B.P. until present. 
Although any worldwide correlation of sea level is 
hazardous the occurrence of higher levels similar to 
those in the Mediterranean would vastly influence much of 
the Mesopotamian plain (Larsen, 1975; Larsen and Evans, 
1978) . Macfadyen, in Lees and Falcon (1952) , and Hudson 
et al (1957) described sediments including marine fauna 
at levels of 1 - 11 m below the bed of the present Tigris 
near Amara and at 12 m below sea level near Basrah 
respectively. The Holocene deposits containing this fauna 
were called the Hammar Formation (Hudson et al., 1957; 
Van Bellen et al. 1959; Dance and Eames, 1966; Al-Naqib, 
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1967; Macfadyen and Vita-Finzi, 1978) . During the last 
decade the Hammar Formation has been found elsewhere in 
the northern Arabian Gulf (Al-Zamel, 1983) and Lower 
Mesopotamia (Ya'acoub et al., 1981; Raji and Salman, 
1983; Al-Azzawi, 1986; Baltzer and Purser, 1990). The 
actual extension of the deposits of the Hammar Formation 
remains unknown. However, an area as far as Amara and 
north of Nasiriyya (i.e. Shatra) have been mentioned in 
some studies. Also, problems have arisen as to the exact 
time of the middle Holocene marine influence and the 
transgressions and regressions have not been defind 
because of the lack of accurate dating of the Holocene in 
Lower Mesopotamia. In addition, confusion has occurred in 
some descriptions of the Holocene sequence as some of the 
upper parts of Dibddiba Formation (Plio-Pleistocene) have 
sometimes been included within the Hammar Formation. 
The deposits of the Hammar Formation are the first 
Holocene brackish/marine sediments. They usually overlie 
older fluvial deposits (in the eastern parts), playa 
deposits (in the western margins) and marsh/lake or 
ancient Ahwar deposits (along the depositional axis of 
the basin) . The most distinctive feature of the Hammar 
Formation is the appearance of brackish/marine 
microfauna, particularly foraminifers and ostracods 
(Figs. 4.3 & 4.5), and marine macroshells (Fig. 4.2). It 
is a silty-clay of greyish colour (Fig. 3.11). Although 
specific variations can be found within the upper parts 
of Hammar Formation as regards both facies and faunal 
content. But the main environmental character is that of 
an environment more brackish/marine than pure marine. The 
latter changes can be detected both vertically within the 
same sequence and laterally as it is traced northward 
within the whole basin toward an arc from Amara to 
Nasiriyya. These brackish/marine deposits were then 
covered by fluvio-lacustrine sediments in the study area 
(i.e. Ahwar) of 0.5 - 2.4 m thickness and with more 
aeolian admixture near the western desertic sides or more 
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fluvial deltaic admixture towards the easten margins 
(i.e. Karun & Kharkh Deltas), northeastern (i.e. Tigris 
Delta) and northwestern (i.e. Euphrates Delta). This 
cover is usually thicker in both eastern and western 
margins and within the deltaic and crevasse-splays of the 
Tigris (near Amara) and Euphrates (near Nasiriyya). It 
thins within the study area (Hammar, Baghdad and Zechri 
Lakes and marshes) and does not exceed 0.5 m thick. It is 
believed that the deepest sediments (>35 cm depth) of the 
studied surface cores and pit-sections of the Ahwar are 
the upper part of the Hammar Formation. These sediments 
are found exposed in some southwestern margins as ancient 
shelly shoreline deposits (Fig. 3.10). 
The ending of this marine influence on the Mesopotamian 
plain is more clearly defined toward the western margin 
where coastal sabkha facies are present at about 2.5 m 
depth in boreholes C and D. The peaty (carbonaceous) 
intertidal mud beneath gypsiferous sabkha beds have been 
dated as approximately 5500 years B.P. (see chapter 8 for 
details of dating results). The succession overlying 
these sabkha sediments is mostly fluvio-aeolian silty 
sediments deposited in a freshwater marsh/lake (Ahwar) 
persumably as a delta surface. This deposit is considered 
to be the final deltaic deposits (i.e. deltaic plain or 
topset beds) of the Euphrates River after the retreat of 
the sea. Relating the last date of about 5500 years 
before present to the history of that area around 
Nasiriyya it is clear it was then a Sumer-land. At that 
time, when the areas dominated by the Al-Ubaid culture, 
the Lower Mesopotamia was settled by the Sumerians(e.g. 
Whyte, 1961). The salinisation since that time (i.e. 2400 
B.C.), when marine sabkha dominated, began in southern 
Iraq (Jacobsen and Adams, 1958) and continued. 
Climatologically, all the southern Mesopotamia was 
affected by the global drying which began in the middle 
of the fifth millennium (COHMAP, 1988) and the amount of 
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precipitation was reduced sharply in this area (Glushko, 
1990). 
As has been reported in chapter 1, the best preservation 
of the layers rich in organic matter took place within a 
transitional zone just before the deposition of the 
brackish/marine Hammar Formation, especially within the 
central areas of Mesopotamian of SE-NW which is reported 
by historians to have been dominated by almost the same 
conditions of the Ahwar of the present time (e.g. 
Theisger, 1967/ Gates, 1969; Young 1977; Roberts, 1990). 
The best developed peaty horizon found in borehole B has 
been dated at approxemately 6500 B.P. However, the 
succession above this sample in this borehole was not 
available for sampling in the core store of the 
Geological Survey of Iraq. Taking into account the fact 
that the present conditions of the Gulf region had become 
established since around 5500 B.P. (Stoffers and Ross, 
1979) that means the influence of the marine 
transgression during it peak did not extend inland 
further than the line from Amara to Nasiriyya as was 
already pointed out previously by Larsen and Evans 
(1978). However, Khors (inlets of the sea) might extended 
the influence of marine conditions further than the main 
channels of the river deltas have been formed along the 
crevasse-splays of the main river deltas. These Khors may 
have allowed the influence of sea to reach as far as 
Najaf and the Abu Dibbis depression, where some marine 
fauna have been reported by Mitchell (1957). 
The rate of sedimentation in Lower Mesopotamia within the 
period of 8000-4000 years B.P. seems to have been higher 
than at present as discussed in chapter 8, particularly 
within the area bordered by the southern Bubiyan Island 
and extending northward to the line from Amara to 
Nasiriyya. The two great rivers (the Tigris and the 
Euphrates) have deposited in this region a deltaic 
sequence of brackish/marine deposits ranging between 4 to 
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8 m in thickness. Around that time, the seaward margin of 
the deltas of the Tigris and the Euphrates were at Amara 
and Nasiriyya. The exposed salinised land needed 
desalinisation before it could be used for agricultural 
purposes. This led a prince of Lagash constructing the 
first canal in the history of the world called Al-Gharraf 
(between modern Kut and Nasiriyya) in the third millenium 
B.C. (Lloyd, 1949). 
Finally, based upon the latter results and arguments of 
the historians and archaeologists, it is quite obvious 
geologically that the influence of the Gulf water reached 
areas near Amara and Nasiriyya about 6000 years B.P. 
(Fig. 9.1) . Also, that the deposition of the Hammar 
Formation in the area occurred as the consequences of 
that marine influence which pushed the coastline of the 
delta toward the hinterland of Mesopotamia during 8000-
4000 B.P. period. The accurate determination of the age 
of the Hammar Formation deposits needs more dating. It is 
quite likely that the regression of the sea was more 
rapid after 5000 years B.P. in the higher areas further 
inland than the areas around the study area in the south. 
So the dates of some shelly exposed material of the area 
(Chapter 8) have shown that a marine-brackish environment 
dominated the site of Lake Hammar and the surrounding 
marshes until about 3000 years B.P. (Aqrawi, 1993 a & b). 
9.4. The Evolution Of Study Area During The Last 3000 
Years 
Most of the previous studies appear to agree that the sea 
level reached approximately its present level 4000 years 
B.P. (e.g. Coleman and Smith, 1964; Evans et al. 1969). 
Several other authors have argued from evidence that the 
present sea-level in some areas was not attained until 
1000 to 2000 B.P. (e.g. Shepard, 1963) , Changes in the 
sea level during the late Holocene did not exceed 3 m 
(Fairbridge, 1958) . Positive tendencies of the sea in 
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U.K. have been reported by Shennan et al. (1983) around 
3000 years B.P.; but recently, Morner (1992) reported 
that no eustatic changes have occurred in the sea level 
during the later Holocene. An isostatic adjustment as 
upward sea level rise in the south and downward fall in 
the north which are proportional to each other were 
suggested. 
In the Gulf region, particularly along the Arabian side, 
shelly beach ridges have been dated at around 3000-3500 
years B.P. (e.g. Evans et al. 1969; Al-Zamel, 1983) . 
Shelly brackish/marine sediments exposed in southwestern 
Hammar Lake are of 3850 ± 950 years B.P. The latter 
period was the time about the fall of Sumer (Lloyd, 
1949). The salinisation during that time and later 
(Jacobson and Adam, 1958) were accompanied by the 
development of the sandy desert arrising on ancient 
irrigated land of southern Mesopotamia identified through 
the LANDSAT image analysis (Glushko and Maslennikova, 
1978). Ainsworth (1838) in the last century was the first 
to discuss historically the land area of the delta 4000 
year B. P. and supposed the occurrence of lakes and 
channels in 280 years B.C. In the handbook of Iraq (1944) 
six schematic maps have been drawn for the area 
explaining the evolution of the delta and the formation 
of southern Mesopotamia since 3000 years B.C. (i.e. about 
5000 years B.P.) until present (Fig. 9.2). These maps are 
included in Rzoska's study (1980) and were used by 
Baltzer and Purser (1990) to explain the deltaic 
evolution. 
Based on the above view about the area in the late 
Holocene (particularly the last 3000 years) and the 
results of both geological evidence and dates obtained 
during this study, the history of the study area may be 
summarised as follow: It has been reported that the 
climatic changes in arid regions since the last millenium 
B.C. were only of a short term (Butzer, 1961), while the 
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exposed brackish/marine sediments within Lake Hammar were 
dated at 3000 years B.P., coupled with the deposition of 
a very thin overburden of modern lacustrine sediments 
(about 0.5 m) prove that the modern morphology of the 
study area is very recent (i.e. < 3000 years old) . This 
has been already mentioned by Ya'acoub et al (1981) and 
Baltzer and Purser (1990) based on their description of 
marine deposits in southern Hammar Lake margins but with 
no dating or detailed petrology to support these veiws or 
exact location of these deposits. 
The area of study prior to 3000 years ago seemed to be a 
large and wide partly enclosed or open embayment (Fig. 
9.2) such as occurs at some northern parts of the Gulf, 
rather like Kuwait Bay. The low energy conditions of this 
area are shown in the thin laminated muddy units of the 
bottom parts of most of studied pit-sections and cores of 
surface Ahwar. The connection of such embayment to the 
sea is proven by the occurrence of the foraminifers 
and brackish ostracods (see chapter 4 for details), By 
the time of the completion of deposition of this unit, 
which was admixtured and/or replaced by ancient levee and 
fluvial muds toward the eastern parts, the effect of the 
sea had terminated. Although the area was receiving 
fluvial deposits from the Tigris-Euphrates Rivers, much 
of their sediment is believed to have been deposited in 
the areas of the north of the study area. The dissipation 
of the rivers discharges through the crevasse splays of 
the rivers north of the study area has been well 
documented and discussed previously (Rzoska, 1980; Al-
Azzawi, 1986; Sanlaville, 1989; Baltzer and Purser, 
1990) . In the meantime the sedimentation from the Karun 
and Karkha Rivers to the east of Shatt Al-Arab and from 
the western alluvial fan of Wadi Al-Batin, built a 
partial lateral barrier extending across the alluvial 
plains of Mesopotamia in the south (Geographical Handbook 
of Iraq, 1944; Rzoska, 1980), and helped to increase the 
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isolation of the study area to form into its present 
Ahwar, from the open Gulf (Fig. 9.3). 
Neotectonics caused by localised subsurface structures 
have had a very limited but locally dramatic effect in 
the modern morphology of the area. The role of these 
structures have been limited to some channel diversions 
such as the Euphrates near Medaina (i.e. st. 8 in Fig. 
1.3) and the Shatt Al-Arab near Siba (i.e. at confluence 
of the Karun River). This is made more clear by comparing 
the tectonic map of the area (Fig. 9.4) with the 
topography studied from the very recent LANDSAT images 
(February 1991) of the study area, particularly Lake 
Hammar (Fig. 9.5). The regional tectonic activity of the 
Mesopotamian foredeep is the main tectonic factor 
responsible for the neotectonics of the area. The 
compressional forces along the western margins of the 
basin are more likely responsible for the exposure of the 
ancient marine shoreline sediments of southwestern Hammar 
Lake. Also these forces of the upwarping of Zagros-Taurus 
Range (Ameen, 1991) which occurred during the Alpine 
Orogeny (Late Cretaceous-Late Tertiary) and culminated 
during the Upper Miocene-Pliocene (Falcon, 1969) seem to 
be partly responsible for some other geomorphological 
characters such as the drying of some historical 
irrigation canals running off the Shatt Al-Arab at Basrah. 
The latter are explained as the product of neotectonics 
by the growing of the subsurface Zubair anticline (Al-
Sakini, 1986b). Aqrawi (1993b) has discussed the 
implication of sea-level fluctuation, differential 
sedimentation and neotectonics in the evolution of the 
marshlands (i.e. Ahwar) in southern Mesopotamia during 
the last 4000 years. 
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CHAPTER 10 
SUMMARY AND CONCLUSIONS 
Summery Of Results 
The Lower Mesopotamia is a hydromorphological complex of 
several sedimentary environments comprising fresh, 
brackish and relatively saline lakes with surrounding 
marshes cut by fluvial channels with associated levees 
and crevasse-splays, which, towards the coast pass into 
sabkha and intertidal flats. The marshes are dominated by 
extensive beds of the reeds, Phragmites sp. and Typha 
sp., particularly in the fresher parts of the area. The 
open lake waters are connected by a complicated channel 
network through the reed-vegetated marshes which separate 
them from one another. 
Salinity and temperature fluctuate seasonally. The 
freshwater lakes show salinity of <1 ppt in winter, 
which rises toward <10 ppt in summer, while in the 
brackish-water lakes the salinity is not less than 5 ppt 
in winter and can be as high as 20 ppt in summer. The 
temperature of all of the lakes ranged from about 10°C in 
winter to more than 30°C in summer. The pH fluctuates 
between 7 - 8 in the freshwater lakes and from 8 - >9 in 
the brackish-water Lake Hammar. 
Surface sediments (down to Im depth) of the area are 
mainly sandy-clayey-silt or clayey-silt. The sandy 
fraction is composed either of autochthonous shell 
fragments or has an aeolian source such as dune and 
mobile sand, particularly in the southwestern and western 
areas. The colour of the Ahwar sediments range from 
blackish, greyish to olive. The dark colour is mainly due 
to a high organic-matter content and is generally 
restricted to the upper surface sediments, particularly 
in the marshes. The eastern parts of Lake Hammar and Lake 
Shafi and their associated marshes to the west of Shatt 
Al-Arab consist of brownish red fluvial mud sediments 
which may be covered by a 20-30 cm thickness of greyish 
marsh/lacustrine sediments. 
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Generally the sedimentary succession of the surface 
studied sections of the Ahwar consists of: (1) An upper 
organic-rich silty unit with some shells (0-15 cm depth), 
(2) A shelly silty unit dominated by macro-molluscs and 
their shell-fragments (15-45 cm depth), (3) A basal unit 
of mainly brackish grey silty-clay or clay (found usually 
at depths of 35 cm or more) . This latter unit passes 
laterally into an fluvial reddish-brown clay probably of 
an ancient levee/deltaic origin. The main sediment supply 
is from, aeolian dust and less importantly the very fine 
fractions of fluvial suspended loads. 
Sedimentary structures observed are: lamination, which is 
present in lower brackish or fluvial unit; and 
bioturbation which occurs in all sedimentary units but is 
dominant in the lacustrine units. Plant roots, 
particularly of reeds, penetrate down to more than 30 cm 
depth and disturb some laminations in the marsh areas in 
particular. 
Cores of borehole sediments display variation with depth; 
interpreted as reflecting various environments of 
deposition. Colour, grain size analysis, together with 
faunal content, mineralogy and geochemistry, were used to 
characterise each section. The main sedimentary units 
that were distinguished are: (1) The upper units (0.5-2.5 
m) is formed of fluvial gypcrete, toward the east and 
northeast of the study area; of aeolian and fluvial 
sediments toward the west; and, of sabkha/intertidal 
sediments toward the south near the present northern 
shoreline of the Arabian Gulf. This unit has a variable 
grain size but is mostly silty. It overlies the 
brackish/marine sedimentary unit (2) of the Hammar 
Formation which presists to a depth of 12-15 m. The 
latter either overlies older Ahwar (3) , older fluvial 
(4), or older playa (5) units depended on the borehole 
location within the basin. 
The macrofauna in the modern lacustrine/marsh sediments 
are restricted to three main families of fresh/brackish 
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molluscs namely: Viviparidae, Thiaridae, Corbiculidae. 
However, only seven species are present: Bellamya sp., 
Corblcula sp., Menalopsls sp., Melanolds sp., Lymnea sp. 
and Unio sp. . All have aragonitic shells and are found 
in all the surface sections studied. Bellamya sp. and 
Corblcula sp. dominate the upper parts of the middle 
shelly sedimentary units of most sections, while 
Melanopsis sp. and Melanoids sp. characterise the lower 
parts of the same unit. The latter two species of 
Thiaridae family have a distinctive composition which is 
believed to reflect a brackish/marine transitional 
environment rather than a brackish/fresh one. Such an 
environment must have dominated the area after the late 
Holocene brackish/marine environment (i.e. before the 
present geomorphology developed). 
The microfauna is dominated by foraminifers and 
ostracods. They both show variations but mainly occur in 
the brackish/marine unit and are dominated by the species 
Ammonia beccarii and Cypriedis torosa respectively. Other 
foraminifers are distinguished but with lesser abundance 
such as Elphidum and agglutinated forms. Other ostracods 
such as Darwinola sp. and Limmonythere sp. have been 
detected as well but with lesser abundance than 
Cyplrledic torosa. A few species of Milliolids are found 
in the vicinity of Basrah at a depth of about 16 m 
dominated by Quigulina sp. 
Generally, the microfauna, particularly the foraminifers 
and ostracods, reflect a very brackish near-shore 
environment of quiet conditions and low salinity with 
marine influence. The macrofaunal assemblages of the 
surface sections are generally characteristic of 
fresh/brackish water lakes and marshes. In the southwest 
oysters, echinoderms and gastropods of marine origin 
occur. They are indicative of an ancient coastal deposit. 
The latter have not been classified in details because of 
the lack of non-fragmented shells. 
Mineralogically, the surface sediments of the Ahwar 
consist of calcite and quartz, associated with feldspars 
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and dolomite. Other minerals have been detected but 
usually only in lesser amounts. This mineral assemblage 
is also found in both fluvial and aeolian sources of 
sediment to the area. Therefore the main source of the 
Ahwar sediments is detrital. 
Authigenic mineral-growth has occurred within the 
sediments of tha various sub-environments as an 
additional component to the mineral budget. The 
authigenic minerals include pyrite, Mg-calcite (of two 
types: rich and less rich in Mg) , dolomite and gypsum. 
Quantitatively, the abundance of each authigenic mineral 
depends on the environment of formation of the host 
sedimentary unit. Mg-calcites were common in the brackish 
muddy unit of the surface sections as is the calcian-
dolomite, while pyrite is found in most units but mostly 
in the organic-rich units. Gypsum is found in the dried 
parts of the surface sections; increasingly so toward the 
desertic western margins. 
The mineral assemblege of the Holocene sequences of the 
boreholes studied is very similar to that of surface 
Ahwar sediments. Variation seems to be due to specific 
authigenic minerals developing. The authigenic mineral 
growth has changed the bulk mineralogy of the sedimentary 
units. Highly dolomitized and gypsiferous sedimentary 
units are found in some early Holocene sequences 
representing ancient playa or fluvial units rich in 
gypcretes. The mineralogy is a key factor in the 
assesment of the sedimentary and diagenetic history, 
which in terms help to determine the deltaic evolution 
and the development of the present morphology of southern 
Mesopotamia. 
Clay minerals can be very useful environmental and 
climatological indicators if they are determined 
accurately by quantitative analysis. Clay assemblages of 
smectite, illite, palygorskite, kaolinite and chlorite 
are present in the clay fraction of both surface Ahwar 
sediments and subsurface borehole sediments. Also, the 
same components comprise the clay fraction of both 
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fluvial and aeolian source sediments. The assemblages of 
clay minerals, in both surface and borehole sections, 
vary with the main sedimentary units (i.e. sedimentary 
environment). This characteristic was used, along with 
the whole mineral assemblege, to differentiate the 
various sedimentary units. However, it has been found 
that the authigenic mineralogy is even better in 
distinguishing between different units than whole clay 
mineral assemblages. The growth of palygorskite (for 
example) is characteristic for sediments deposited in 
playa and sabkha . On the other hand, smectite 
development is characteristic of the sediments with more 
fluvial influence such as the brackish or lacustrine 
sedimentary units. Mg-rich, alkaline and saline 
conditions, particularly for the growth of palygorskite, 
must have existed in the area during sometime in the 
Holocene. However, it was found that such conditions were 
restricted to the western margins of the Mesopotamian 
foreland basin in both earlier and modern times. The 
occurrence of this clay mineral is a very good indicator 
of arid and saline conditions. 
The inorganic geochemistry of the sediments confirms the 
high carbonate content: whilst the sediments are 
generally high in Ca, Mg and Sr; the values of Al, Ti, K 
and V are low. However, the concentrations of the other 
elements (i.e. Fe, Co, Pb, Zn, Un, Cu and P) show fairly 
average values for mudrocks. The analysed sediments have 
a relatively high contents of Ni and Cr throughout, 
presumably due to the high contents of these two elements 
in the source materials in the headwaters of the two 
major rivers (i.e. suspended fluvial loads supplied to 
the area) and in the aeolian dust fall-out. 
Multivariate statistical analysis carried out using MVSP 
package clusters sediment-samples deposited from similar 
sedimentary environment. Therefore, sediment-samples of 
each sedimentary unit are usually clustered together in 
both surface and subsurface sediments. On the other hand, 
the grouping of the elements each analysed batch showed 
good relationships between most of them as one main group 
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with the exception of Ca, Sr and sometimes Mg because of 
the high contents of these three elements. 
In general the inorganic geochemistry supports the 
petrographic classification of the surface and subsurface 
sediments on the basis of environment distinguishing the 
various sedimentary units of the sections studied. 
The carbonate analyses (expressed as % CaCOg) of the 
different sediments showed that the high concentrations 
are mainly restricted to the shelly units in both surface 
and subsurface sections. Values up to 90% have been 
recorded in the mid-shelly zone of the surface freshwater 
sections (e.g. Lake Baghdad, core 9A) . However, these 
values usually drop to less than 30% in the bottom 
brackish units of the surface sections and in some other 
sedimentary units from the boreholes (e.g. ancient 
fluvial units). The carbonate contents of both aeolian 
and fluvial samples do not exceed 25%. This is a clear 
indication that most of the lacustrine carbonate 
additions are either of biogenic or of bio-chemogenic 
origin and are also related to the formation of 
authigienic carbonate minerals, particularly Mg-calcite 
and dolomite in the brackish lacustrine sequences. 
Oxygen and carbon isotope values of selected dolomitic 
samples indicate two different modes of dolomitization 
according to their ocurrence in the specific sedimentary 
units (i.e. of evaporitic and brackish origins). All the 
samples analysed are depleted in carbon and most of them 
are depleted in oxygen (except those of the playa and 
sabkha dolomites). The depletion of carbon can be 
interpreted either as organic enrichment of CO2 or 
methane oxidation by sulphate reducing bacteria during 
the formation of dolomite. The oxygen depletion, on the 
other hand, has apparently been caused either by water 
depleted in ^®0 or the influence of meteoric (i.e. 
freshwater) input which changed the geochemical regime 
and the nature of the dolomite which formed. 
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Microprobe analyses carried out using high resolution 
backscattered SEM revealed the elemental composition of 
the authigenic minerals in the sediments. The dolomite 
(of different sources) is calcian in nature with contents 
of Ca54_g2 and Mg^^.gg, while the Mg-calcite showed two 
distinct phases, as reflected by the XRD analysis, 
particularly in the brackish sediments of both surface 
and boreholes. Low-Mg calcite (of 5% MgCOg or less) and 
high-Mg calcite (of > 10% MgCOg) are well characterised 
by SEM and XRD. However, a few TEM (transmission 
electron microscope) analyses have supported the MgCOg 
contents of the low-Mg calcite, which did not exceed 5%. 
The total organic carbon (TOC) contents of the sediments 
varies between <1-15% in both the surface and subsurface. 
However, values of >20% have been recorded in modern 
extensive vegetated freshwater marshes. Samples with >5% 
TOC are mainly restricted to the surface organic-rich 
layers in freshwater lakes and marshes. In most of the 
brackish-water lakes and marshes, the TOC of the organic-
rich layers does not exceed 5% while it was only slightly 
above 1% in the relatively saline parts of the surface 
sections in the area. The borehole samples of deltaic 
sediments showed high TOC contents (>1-5%) mainly in 
organic-rich (peaty) horizons with one analysis of about 
15% TOC. The latter was found within an ancient 
freshwater marsh/lake peaty unit in borehole B. However, 
the other sedimentary units (e.g. brackish, playa, 
sabkha, fluvial, etc) of the boreholes show TOC contents 
mostly of less than 1% and these sometimes fall to about 
0.2%. The latter value is characteristic of both fluvial 
and aeolian sediments of present-day. 
The rock-evaluation pyrolysis results of more than forty 
surface and selected subsurface sediments (both organic-
rich and organic-poor) show a Tmax usually >250 °C. Two 
groups of samples regardless of T.O.C. have been plotted 
as Tmax vs HI. Both groups fall in the kerogen type III 
domain with few type II. On the other hand, the two same 
groups are differentiated when plotted on a Tmax vs 
T.O.C. diagram. The latter shows that the organic type is 
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the main factor in relating the samples not the HI or 
TOC. The TOC contents plotted against HI show mostly a 
positive relationship up to 200 HI and to about 10% TOC. 
Samples of >200 HI or/and >10% TOC are dispersed and fall 
outside of the latter main group. 
The results of the C, H and 0 elemental analysis was more 
useful in characterising the sediments, particularly 
those which are organic-rich. The plotting of the 
results, as atomic ratios of 0/C and H/C, showed that 12 
of the 20 analysed sediments fall within the peat-zone of 
the Van Krevelen diagram. The other 8 samples are of 
relatively low TOC (<2%) and these are mainly from the 
brackish/saline sediments of both the surface and 
subsurface. 
The petrography of the macerated organic matter of twenty 
sediments used for the elemental analysis revealed some 
qualitative and quantitative differences. The modern 
surface sediments are dominated mainly by algal, 
amorphous and herbaceous components, while the borehole 
sediments are characterised by opaque woody structures. 
Spores can be found in both types of the sediments with a 
range of 5-15%. Marine structures are restricted mostly 
to the brackish/marine samples. 
The gas chromatography of eighteen extracted saturates 
showed the occurrence of normal alkanes in a range of C^g 
- C32. A continuous series of the normal alkanes from C^g 
- C28 are present in each analysed sample. C^g and C12 
have been detected in some sediments. The latter, which 
have been detected in most analysed samples are perhaps a 
good indicator of terrestrial organic matter degraded by 
bacteria to form such alkane (i.e. C22) • Other 
components, mainly long chain mollecular biomarker, have 
been detected with strong peaks. Among them pristane has 
been found to be relatively high indicating well 
oxygenated environments of deposition for both surface 
and subsurface sediments. Most of the biomarkers indicate 
an origin from macromolocules of reed-residues formed 
during or after their degradation. 
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The preservation of the organic matter in the surface 
sections is only found to be taking place in the 
northeastern parts of the area (i.e. Lake Zechri and 
surrounding marshes) . Most of the study area showed no 
indication of organic preservation at the present time 
(i.e. there is no formation of peat today), but it may be 
forming in other parts of exensive marshlands. The 
degradation of the organics seems to prevail in all the 
area covered by the surface sequences. This has been 
clearly ' observed during the field excursions, 
particularly in the reclaimed and dried lakes marshes of 
both brackish and saline areas. Within the older Holocene 
sequences the preserved peaty (i.e. organic-rich) 
horizons are mainly found within a transitional 
sedimentary unit between ancient marsh/lacustrine unit 
and the younger brackish/marine unit (i.e. in the areas 
dominated by freshwater lakes and marshes before the 
middle Holocene transgression and presently by the 
sediments of Hammar Formation). This possibly indicates 
to that high sedimentation rates occurred and anoxic 
conditions were developed in the area at that time and 
caused this preservation. Other factors such as 
climatological changes (i.e. less drought or more rain 
etc) in the early Holocene may be an additional reason 
for the preservation of the organics older than 8000 
years B.P. 
Carbon-14 dating of five Holocene peaty-sediments and 
four surface shelly sediments showed that the 
sedimentation rates (not corrected geotechnically) varied 
between about 1.8 mm/year just before the influence of 
marine conditions in the area to 1 mm/year during the 
period of marine influence and to less than 1 mm/year 
after the dissappearance of the sea. The only exception 
was in a western desertic marginal borehole (i.e. C) 
where sedimentation reached 6 mm/year during 5000-5500 
years B.P, probably because of the high aeolian supply. 
A geotechnical study using compaction tests of three 
representative sediments of the dominant lithology, 
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allowed the plotting of a correction curve for rate of 
sedimentation for each lithology (i.e. sandy, silty and 
clayey) as depth against the percentage of compaction 
excluding other consolidation effects within the Holocene 
sedimentary sequences of the area such as cementation. 
Also, when a general correction curve was plotted, based 
on the distribution of the three facies in the general 
Holocene stratigraphic sequence of the area; an increase 
of 20-30% in the calculated rates of sedimentation have 
been found based on these correction curves. The 
geotechnically corrected sedimentation rates were 
increased to about 2.2 mm/year for pre-marine influence 
and 1.3 mm/year during that influence. The correction of 
the rates produced less changes in the sedimentation 
rates of the later part of the Holocene (i.e. after the 
marine-influence dissappearance) because of the very low 
sedimentation rates during that time. 
On the other hand, the very low sedimentation rates 
detected in the surface sediments of the Ahwar, based on 
both the sedimentological parameters and on the 
datings of the shelly samples suggested the need of some 
other radiometric techniques to definetly prove it. The 
3^7(^ 3 analysis of 27 sediment-samples, selected from 
throughout different surface core-sections regionally 
distributed over the study area, showed that there is 
almost no or very little sedimentation occurring over 
most parts of the study area at present. Indeed, erosion 
appears to be the effective process in some of the 
western parts, particularly those representing ancient 
shorelines (.e.g. station 15 and 20 in Fig.1.3 location 
map). Only the northeastern parts of the area (i.e. Lake 
Zechri and its surrounding marshes and the northern side 
of the Euphrates levee; stations 5, 6, 7 & 8) show 
sedimentation. Even in these latter areas, the calculated 
rate of sedimentation is <10 mm/year. However, some is 
caused by the interference by man such as the dumping of 
sediments either from the nearby constructed canals and 
dykes for both irrigation and petroleum industrial 
purposes (stations 7 and 6 & 5) or because of the 
construction of a new bridge (station 8). 
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The Main Conclusions 
1. The sedimentation model for the study area shows that 
brackish/marine conditions and sediments have prevailed 
in the area of Lake Hammar and its surrounding marshes 
since 6000 years B.P. This embayment was affecting by 
marine influence until about 2000 years B.P. and the 
surrounding complex of sedimentary environments reflect 
this, coastal marshes developed to the north of the area, 
deltaic/crevasse-splays to the northeast and northwest of 
the River Tigris and River Euphrates respectively, with 
alluvial fans to the east of both Karkha and Karun, 
desertic/aeolian dune interfingered with sabkha to the 
west and estuarine sabkha and intertidal flats. in the 
south. Some of these sedimentary environments exist in 
parts of the area to the present day (see the location 
map Fig. 1.3. for details). However, the progress 
restriction of marine acess to this embayment changed the 
hydromorphological nature of area from coastal brackish 
to fresher inland lacustrine surrounded by extensive 
marshes. The modern hydromorphology of the area is not 
older than 2000 years and the sedimentary succession 
deposited during this time is of < 0.5 m. 
2. The study of the surface and subsurface sediments 
using different techniques has added more 
sedimentological evidence to support the referred 
geological history of the area during Holocene. It shows 
that Holocene sea-level changes have played the major 
part in controlling deltaic evolution rather than 
neotectonics. The latter effects are mainly of local 
influence. 
3. The surface sedimentary sub-environments of the Ahwar 
show no remarkable physico-chemical differences. Many of 
the differences in characters such as salinity etc seem 
to be very modern and largely due to the new irrigation 
schemes along the courses of the Tigris-Euphrates during 
the last few decades, such as dam construction in Turkey, 
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Syria and Iraq. On the other hand, these are significant 
differences between the main sedimentary units in both 
the surface and subsurface of sections. Each unit 
represents a distinct sedimentary environment which 
dominated the area for part of Holocene: 
A. The surface sedimentary units: 
1. Upper organic-rich unit: It is mainly sandy silt, 
characterised by a high organic content (>1 to >15 % TOC) 
and a CaCOg content of < 40%. Pyrite and gypsum are the 
common authigenic growth-minerals in this unit, which is 
very modern (<400 years B.P.). 
2. Intermediate shelly unit: This unit is mainly silt 
and sand with the coarser fractions being fresh/brackish 
molluscan shell fragments. It is characterised by high 
carbonate contents (>40 to >80% CaCOg), while the TOC 
content is usually < 5% but not less than 1%. Low-Mg 
calcite and smectite are the main characteristic 
authigenic minerals detected in this unit, which is older 
than the previous one but not older than 3000 B.P. 
3. Lower brackish/marine unit: It is mainly silty clay 
and clay, very low in organic material (<1% TOC) with a 
CaCOg content is usually < 30%. This unit is charactrised 
by brackish/marine microfaunal remains, particularly 
Ammonia beccarii foraminifers and Cypridies torosa 
ostracods. It is the oldest unit, >3000 years B.P. 
B. Borehole sedimentay units: 
The main sedimentay units classified in the borehole 
successions were similar to the surface units: 
1. The modern fluvial/Ahwar unit is similar to the 
lacustrine/marsh (units 1 & 2 described above). 
2. Brackish/marine Hammar Formaton is believed to be a 
deeper continuation of surface unit 3. 
3. The ancient fluvial/gypcrete unit can be correlated 
generally to the surface fluvial plains. 
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4. The ancient playa unit is well developing in western 
parts of the surface Ahwar where the saline lakes and 
marshes are drying. 
5. The ancient lake/marsh unit dominated the area along 
the depo-axis of the Mesoptamian foreland basin before a 
marine transgressive affected the area. 
4. Sedimentation rates calculated from dates varied 
during the evolution of the Delta between 1.8 mm/year 
before marine inundation to 1 mm/year during the period 
of marine influence, to less than 1 mm/year after the 
final diss appearance of the sea. Minimal evidence of not 
sedimentation is present in the modern subenvironments, 
except in the northeastern parts of the study area (i.e. 
Lake Zechri and surrounded marshes). 
5. The geotechnical correction of the sedimentation rates 
using compaction tests increased the apparent rates 
mentioned above by up to 30%. This amount of compaction 
will produce subsidence and might be considered as an 
additional factor controlling the extention of the marine 
influence in the hinterland of Lower Mesopotamia (i.e. 
the Tigris-Euphrates delta), particularly during the 
Holocene transgressive phase. 
6. The preservation of organic matters during older 
Holocene periods is mainly restricted to a transitional 
unit between the older Ahwar unit and the brackish/marine 
unit of the Hammar Formation along the depositional axis 
of the main basin. High sedimentation rates occurred 
here, coupled with anoxic conditions developed at that 
time causing preservation. There is no indication of peat 
formation at the present time, except in limited 
northeastern parts of the study area (i.e. Lake Zechri 
and surrounded marshes). 
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Appendix 6 . 1 : The elemental contents of the sediments of the freshwater Lake Baghdad 
(Core 9A) and its calcium carbonate contents as CaC03% 
(All elemental concentrations are in ppm except some arithmetic means which are in 
percentages)8 
Sample Depth Ca Mg Sr Ha K il Fe Kl caco,% 
9A1 0 - 2 131800 18500 628 5730 5600 25300 20800 1249 31.24 
9A2 2 - 4 145400 17970 655 5710 5640 25520 20270 1304 32.35 
9A3 4 - 6 143600 18080 667 5990 5720 25770 20020 1337 31.65 
9A4 6 - 8 145800 18310 672 6030 5870 26530 20250 1526 34.06 
9A5 8 - 10 167700 17780 713 8150 6710 30570 17160 1187 39.51 
9A6 10 - 12 177300 17310 721 7920 6520 29740 16370 1169 34.57 
9A7 12 - 14 175500 15760 729 7020 5700 26160 15320 1205 42.42 
9A8 14 - 16 174800 15810 724 7120 5700 26370 15490 1178 42.17 
9A9 16 - 18 137200 14430 607 6710 4685 21590 15480 1230 29.62 
9A10 18 - 20 142600 15320 617 6630 5000 22740 16570 1331 32.23 
9A11 20 - 22 190800 13710 802 5410 4075 18550 13360 1073 47.88 
9A12 22 - 24 299600 9310 1219 2830 2125 9560 6320 698 76.44 
9A13 24 - 28 6289600 10460 1297 3068 2315 10120 7200 725 73.33 
9A14 26 - 28 351100 6240 1649 2030 1025 4493 2630 354.8 90.89 
9A15 28 - 30 315400 9840 1645 3165 2765 11690 6340 312.8 80.89 
9A16 30 - 32 2251800 16480 1142 4545 5910 24580 13850 419.3 62.38 
9A17 32 - 34 224800 19350 937 5120 7300 29780 17140 475.5 55.37 
9A18 34 - 36 2Q1600 20220 819 5630 8000 32510 18810 467.3 50.31 
9A19 36 - 38 185200 22560 748 5960 8950 36110 22810 521 45.59 
9A20 38 - 40 142300 26630 512 6540 10970 44000 30660 573 35.25 
9A21 40 - 42 129800 29070 404.1 6390 11970 47390 32330 645 30.94 
9A22 42- 44 130500 28330 398.8 6350 11570 45670 29850 642 32,41 
9A23 44 - 46 126800 29550 375.8 6610 11970 47700 31980 692 30.95 
9A24 46 - 48 12640 30140 359.1 5910 12300 48310 33080 699 31.06 
9A25 48 - 50 128100 29970 371.6 5290 11930 46560 35580 692 33.41 
9A26 50-52 131900 30740 379.7 5420 12170 47850 32420 697 32.66 
Total 476.74% 50.19% 19792.1% 14.73% 18.25% 76.52% 53.49% 22401.7 1159.59 
Arth. 
lean 
18.34% 1.93% 761.2 0.57% 0.70% 2.94% 2.06% 861.64 44.6% 
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Appendix 6.1 (continued) 
Sample Ti V Cr Co Si Cu Zn Pb P 
9A1 1855,0 53.0 127.0 12.0 91.5 24.25 37.50 75.00 710 
9A2 1855.0 51.50 98.0 11.5 86.5 23.00 33.50 12.50 636 
9A3 1867.0 49.50 109. U.O 85.5 22.75 33.00 12.50 682 
9A4 1894.0 51.00 106.5 11.5 88.0 22.25 33.00 7.50 702 
9A5 2110.0 48.50 122.0 10.0 76.0 16.75 29.50 10.00 592 
9A6 2004.0 44.50 104.5 10.0 72.5 15.00 26.50 15.00 644 
9A7 1783.0 42.00 104.5 9.5 70.0 15.50 24.50 20.00 798 
9A8 1784.0 43.25 93.0 9.5 69.0 16.00 25.00 17.50 692 
9A9 1519.0 40.25 119.0 9.0 66.5 18.00 24.00 17.50 642 
9A10 1620.0 41.50 108.0 9.5 70.0 17.50 27.00 30.00 780 
9A11 1340.0 37.25 71.5 8.0 60.5 16.25 24.00 52.50 534 
9A12 635.0 20.50 X 33.0 4.5 32.5 11.00 10.50 27.50 280 
9A13 700.0 23.00 31.5 5.0 35.5 11.75 11.50 20.00 316 
9A14 302.8 10.00 12.0 2.0 14.0 5.00 3.00 7.50 102 
9A15 810.0 21.50 32.5 4.0 29.0 8.50 9.50 <5.00 160 
9A16 1675.0 43.25 67.5 9.0 64.0 14.50 23.50 7.50 256 
9A17 2002.0 53.0 75.5 10.5 78.0 17.25 29.00 12.50 314 
9A18 2160.0 57.0 85.0 11.5 88.0 17.25 32.50 10.00 314 
9A19 2369.0 74.0 90.5 14.5 111.5 23.50 38.50 5.00 408 
9A20 2833.0 92.8 110.0 18.0 142.0 28.25 46.50 22.50 430 
9A21 30098.0 96.5 115.5 19.0 154.0 27.25 50.50 20.00 446 
9A22 2982.0 88.5 98.0 17.5 144.0 25.75 46.50 15.00 442 
9A23 3091.0 92.0 101.5 18.0 153.0 28.75 51.00 15.00 470 
9A24 3106.0 90.8 92.5 19.0 158.5 29.50 51.00 10.00 470 
9A25 3076.0 94.0 95.5 19.5 161.0 30.50 53.00 7.50 482 
2A26 3174.0 90.3 103.5 19.5 161.5 30.50 53.50 5.00 464 
Total 5.84% 1448.4 2307 303 2362.5 543.75 827.5 434.5 12766 
Arth. 
mean 
0.22% 55.71 88.73 11.65 90.87 20,91 31.83 16.71 491 
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Appendix 6.2: The elemental contents of the sediments of the brackish-water Lake Haiiar (Core 13A) 
and its calcium carbonate contents as CaCO^ 
/| (All elemental concentrations are in ppm except some arithmetic meanj^which are in percentage) 
Sample Depth cm Ca Hg Sr Ha K A1 Fe Hn CaCo3l 
13A1 0-2 249930 24930 829 6060 8580 38450 27900 573 42.02 
13A2 2-4 185500 23400 920 6020 7950 35720 26200 563 46.15 
13A3 4-6 190400 21690 985 5840 7260 33370 24480 543 46.90 
13A4 6-8 224600 19730 1169 5550 6510 30460 21830 513 54.09 
13A5 8-10 185700 22720 975 5990 7750 35710 25580 599 44.59 
13A6 10-12 166500 24840 773 6160 8720 39880 28560 628 40.33 
13A7 12-14 163600 26940 706 6850 9720 44170 31320 683 36.83 
13A8 14-16 141200 27170 597 7010 10150 44980 31490 689 34.02 
13A9 16-18 140200 28820 615 6440 10540 47940 34280 699 32.71 
13A10 18-20 135100 19880 612 6050 10940 49860 36340 707 31.46 
13AI1 20-22 152700 26930 703 5810 10000 44290 32770 648 37.93 
13A12 22-24 166500 24690 763 5910 8950 39990 29320 620 42.31 
13A13 24-26 153200 26770 680 7320 9740 43200 30720 689 35.86 
13A14 26-28 143300 28620 596 8230 10180 46140 31590 746 34.23 
13A15 28-30 140000 29300 586 7890 10340 46610 32430 746 33.39 
13A16 30-32 141300 29610 608 7500 10290 45940 32990 744 33.74 
13A17 32-34 144100 29750 638 7710 10270 46080 32670 732 33.65 
13A18 34-36 148200 29250 649 7730 10110 44340 31820 714 34.60 
13A19 36-38 138800 30890 589 7930 10560 46010 32890 719 31.98 
13A20 38-40 126100 32350 502 7830 11330 47870 34390 713 29.0 
13A21 40-42 129400 33070 516 8220 11760 49960 36260 719 28.64 
13A22 42-44 131500 32790 543 7800 11820 49390 36270 693 30.41 
13A23 44-46 125200 34550 452.4 7860 12490 51800 38260 719 26.81 
13A24 46-48 98200 36500 274.1 7300 14180 58100 44260 710 21.33 
13A25 48-50 97600 36060 258.4 6950 14330 58000 42840 704 21.13 
13A26 50-52 103800 36350 271.2 7230 14290 58300 37800 736 24.0 
Total 384.13 74.76 16198.1 18.119 29.159 117.66 84.53 17549 908.11 
Arth. 
mean 
14.77 2.88 623 0.70 1.12 4.53 3.25 674.96 34.93 
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Appendix 6.2 (Continued) 
Sample Ti V Cr Co Hi Cu Zn Pb P 
13A1 2397 "70.50 87.0 16.00 136.50 30,50 47.0 20.0 462 
13A2 2220 67.00 75.5 15.50 127.50 29.50 43.0 17.5 456 
13A3 2000 60.80 60.0 13.50 115.50 28.00 40.0 10.0 466 
13A4 1821 57.30 59.0 13.00 107.00 25.75 38.5 10.0 434 
13A5 2167 • 66.50 71.0 15.00 121.00 29.75 41.0 15.0 458 
13A6 2352 73.50 88.0 16.50 138.50 32.50 45.0 17,5 476 
13A7 2738 83.30 106.0 19.00 154.00 37.50 53.5 22.5 524 
13A8 2875 081.00 113.0 17.50 148.50 35.75 47.0 17.5 502 
13A9 2878 87.50 95.5 20.00 164.00 38.50 55.5 42.5 514 
13A10 2833 92.30 91.5 21.5 180.00 39.25 61.0 32.5 512 
13A11 2503 81.80 89.5 19.00 159.50 35.75 51.5 20.0 464 
13A12 2354 74.30 91.5 17.00 139.00 31.00 45.5 20.0 460 
13A13 2734 77.80 121.0 17.50 144.00 31.50 46.5 20.0 500 
13A14 3070 81.50 172.5 19.00 148.50 32.00 50.5 20.0 538 
13A15 3067 82.80 155.0 19.0 157.00 33.00 51.0 5,0 526 
13A16 3002 82.30 134.0 19.50 157.00 33.00 51.0 17.50 520 
13A17 3015 82.50 128.0 19.00 156.50 33.00 51.0 15.0 512 
13A18 2942 80.50 148.0 19.00 152.50 33.25 51.5 20.0 518 
13A19 3068 84.50 152.5 19.00 156.50 32.50 50.0 17.5 518 
13A20 3161 90.30 163.5 19.00 161.50 32.00 51,0 15.0 516 
13A21 3311 94.50 180.5 20.50 171.00 33.25 56.0 20.0 516 
13A22 3248 96.50 161.5 20.50 171.50 33.25 55.5 17.5 508 
13A23 3384 101.80 168.5 21.50 183.00 33.50 59.5 17.5 522 
13A24 3697 118.50 163.5 24.50 214.50 42.25 67.0 27.5 546 
13A25 3667 118.30 142.5 24.50 210.00 43.75 68.0 22.5 526 
13A26 3717 101.80 147.5 24.00 213.50 41.75 68.5 10.0 504 
Total 7.12% 2189.4 3074.5 490 4087 881.75 1345.5 490 12998 
Arth. 
mean 
0.271 84.21 118.25 18.85 157.19 33.91 51.75 18.85 499.92 
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^pendix €.3: The elemental contents of the sediments of the brackish-water Hamar marsh (core IB) and its calcium 
carbonate contents as CaCOjl 
(All elemental concentrations are in ppm except some arithmetic means which are in percentage) 
Sample Depth 
cm 
Ca Hg sr Na K A1 Fe Nn CaCOjl 
IBl 0-2 126400 24700 578 6780 8800 38790 28280 761 29.05 
1B2 2-4 138800 24570 596 6290 9160 40610 29550 695 32.26 
1B3 4-6 155600 23850 717 5570 8660 38560 27890 747 38.64 
1B4 6-9 144300 25140 597 5800 9520 43020 30630 729 35.99 
IBS 9-11 138100 26340 528 5920 10100 45800 32810 708 31.78 
1B6 11-13 138300 26000 530 5820 9930 45100 31860 678 31.75 
IB? 13-15 139500 25640 538 5830 9790 44550 31400 674 33.02 
1B8 15-18 141100 24840 571 5780 9330 42410 30440 674 33.51 
1B9 18-20 140600 26066 535 5730 9870 45070 32570 674 32.76 
IBIO 20-22 139000 25930 536 5790 9770 44606 32580 674 32.49 
IBll 22-24 142800 27160 534 5530 10230 46880 31990 648 32.44 
1B12 24-27 146700 26310 561 5150 10120 45290 30760 621 36.27 
1B13 27-29 143700 26870 549 4998 10180 45470 32690 611 35.14 
1B14 29-31 137700 27460 529 5050 10490 46560 35580 603 32.78 
1B15 31-34 130800 28320 489.5 5050 11090 48720 34750 578 30.02 
1B16 34-36 124500 27490 481.6 4853 11060 48370 37570 560 29.29 
1B17 36-38 116500 27720 437.4 4930 11290 49190 35980 539 26.28 
1B18 38-41 117200 28050 428.3 4928 11400 49750 38420 547 26.51 
1B19 41-43 112600 28280 419.8 4940 11490 49640 33120 517 26.50 
Total 257.421 50.0731 10155.6 10.47% 19.23% 85.838% 91.695% 12239 606.75 
Ath. 
mean 
13.55% 2.64% 534.51 0.55% 1.01% 4.52% 4.83% 644.16 31.93% 
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Appendix 6.3 (continued) 
Sample Ti V Cr Co Ni CU Zn Pb P 
IBl 2597 76.5 94.5 16.00 122.5 26.75 51.5 17.5 826 
1B2 2757 77.8 102.0 16.5 126.5 27.75 51.5 15.0 662 
1B3 2592 75.3 89.5 15.5 120.0 26.75 46.0 10.0 596 
1B4 2864 84.3 97.0 17.0 131.5 29.75 50.0 7.5 576 
1B5 3054 93.0 105.0 18.5 146.0 31.25 52.5 12.5 580 
1B6 3014 90.0 100.0 18.0 147.0 31.50 51.0 12.5 566 
1B7 2959 88.8 101.5 18.0 140.5 30.50 51.0 12.5 564 
1B8 2849 86.0 100.5 17.0 135.0 29.50 51.0 17.5 576 
1B9 3019 93.5 1103.0 18.5 149.0 31.50 53.0 10.0 578 
IBIO 2979 91.8 115.0 18.5 142.5 31.00 52.5 20.0 564 
IBll 3141 92.5 103.5 18.5 154.0 32.50 54.5 32.5 522 
1B12 3052 90.3 103.0 18.0 142.5 30.50 51.0 32.5 484 
1B13 3079 94.8 106.0 18.5 146.5 32.00 52.0 35.0 494 
1B14 3144 98.0 115.0 19.0 153.0 34.00 53.0 35.0 518 
1B15 3278 101.0 110.0 20.0 162.5 35.00 56.5 35.0 552 
1B16 3251 101.0 113.5 20.0 162.0 34.75 57.0 10.0 566 
1B17 3588 97.5 122.5 19.5 157.5 36.25 57.0 22.5 556 
1B18 3337 101.5 121.5 19.5 158.5 35.00 58.0 10.0 566 
1B19 3320 95.5 121.5 18.5 162.5 36.00 59.5 15.0 554 
Total 5.79% 1729.1 2024.5 345 2639 602.25 1008.5 350 10900 
Arth. 
Mean 
0.301 91.01 106.55 18.16 138.89 31.70 53.08 18.42 573.68 
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Appendix 6.4: The elemental contents of the Tigris (SSTR) - Euphrates (SSER) suspended sediments, the 
dust fall-out at Basrah (DFB) and Qurnah (DFQ) and the surface layer of each station (1-21) 
(All elemental concentrations are in ppm) 
Sa^)le Depth Ca Kg Sr Na K A1 Fe Mn 
SSTR surface 109800 33420 314.8 3193 12970 54400 40300 910 
SSER n 93800 33950 323 5230 12380 58200 43820 1253 
DFB n 106300 28370 337.1 10620 11800 49230 33110 728 
DFQ n 102800 26810 355.1 11540 11290 44650 32010 671 
IBl 0 - 3 126400 24700 578 6780 8800 38790 28280 761 
2C1 0 - 2 119300 38520 326.1 7600 15110 58800 42730 823 
3C1 0 - 3 173100 21080 698 4933 7890 35600 25140 520 
4D1 0 - 4 142000 17120 675 12910 7000 32210 • 16570 483.8 
5A1 0 - 3 157500 27080 501 5430 9500 35690 25200 585 
6A1 0 - 4 105900 30590 886 1443 6830 29350 22330 610 
TBI 0 - 3 280900 12050 1198 2665 2760 12000 8240 328.5 
8A1 0 - 3 119200 26070 440.8 8360 9830 43870 31970 1026 
9A1 0 - 2 131800 18500 628 5730 5600 25300 20800 1249 
lOAl 0 - 3 142000 25630 874 9230 9050 41050 297990 669 
llCl 0 - 4 104200 35000 341.6 6670 13140 55300 40760 783 
12A1 0 - 3 14000 26790 619 10550 9380 39050 27220 584 
13A1 0 - 3 168600 24930 829 6060 8580 38450 27900 573 
14A1 0 - 3 155600 21560 845 11860 8170 37730 20150 600 
15A1 0 - 2 181600 28050 1319 9220 6860 29890 18100 499.5 
16A1 0 - 3 150000 25160 695 7950 8960 38230 26890 570 
17P1 0 - J5 154000 25360 483.1 5376 9660 36970 224900 530 
18P1 0 - 5 130400 29860 786 14070 8480 34700 24650 539 
19P1 0 - 5 127400 26650 943 39910 7390 27670 18820 498.8 
20P1 0 - 5 135700 26600 555 20330 8760 34950 19120 470.3 
21P1 0 - 5 84400 36740 952 66300 8430 30840 18580 400.5 
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Appendix 6.4 (continued) 
Sample Ti V Cr Co Mi Cu Zn Pb P 
SSTR 3225 103.5 107.5 20.5 163.0 37.75 211 47.5 676 
SSER 3587 113.3 130.0 27.0 229.0 46.25 329 27.5 740 
DFB 3568 94.5 225.5 19.0 155.5 31.75 63.5 12.5 584 
DFQ 3342 86.5 299.0 17.5 138.0 32.50 101.5 32.5 624 
IBi 2597 76.5 94.5 16.0 122.5 26.75 51.5 15.0 662 
2C1 3704 110.8 163.0 24.0 214.5 38.75 72.0 65.0 564 
3C1 2392 71.3 99.0 14.5 115 25.75 42.5 75.0 466 
4D1 2084 52.0 208.5 9.5 70.0 14.5 34.5 157.5 542 
5M 2692 74.0 101.5 14.0 103 23.0 46.0 155.0 400 
6A1 2036 64.5 204.5 12.5 94 21.5 40.0 130.0 572 
7B1 843 25.25 32.5 5.5 37 8.75 17 37.5 348 
8A1 2982 80.5 149.0 18.5 144 35.25 57 60.0 582 
9A1 1855 53.0 127 12.0 91.5 24.25 37.5 7.5 710 
lOAl 2596 85.5 108 18.0 145.0 33.75 50.0 20.0 486 
UCl 3430 108.8 1333.5 24 207 40.75 69 7.5 520 
12A1 2667 74.5 161.5 16 133.5 27.75 46 102.5 438 
13A1 2397 70.5 87 16 136.5 30.5 47 20.0 462 
14A1 2590 63 276 12 86.5 17.75 33.5 37.5 492 
15A1 2234 54.3 183 11 84 21 28 25 414 
16A1 2488 74.5 107.5 15.5 131.5 30.25 48 40 550 
17P1 2785 75.5 114 14.5 106 24.5 44.5 5 506 
18P1 2322 71.0 129.5 15 117.5 23.5 43 5 608 
19P1 1915 56,8 113.5 11.5 87.5 17.5 33 5 450 
20P1 2178 61.8 148.5 11 88.5 17.75 28 5 374 
21P1 2054 61 141.5 10.5 74.0 13.5 29 5 336 
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Appendix 6.5: The elemental contents of the selected sediments of the studied boreholes 
(AH the concentrations are in ppm) 
Borehole/ Depth Ca Mg Sr Na K Ba AI Ti 
BAl 1.5-
1.6 
111000 29600 304.0 10600 11700 229.0 52300 3410 
BA6 6.5-
6.6 
103000 19600 737.0 20200 8830 196.0 41500 2690 
BAIO 12.5-
12.6 
114000 30600 308.0 14900 11300 223.0 48000 3630 
BAM 16.5-
16.5 
136000 14100 365.0 17300 8240 184.0 33500 1710 
BA16 19.5-
19.7 
178000 17100 1320.0 21800 6190 155.0 23200 1650 
BA18 21.5-
21.6 
109000 32400 309.0 15100 13400 226.0 51700 3040 
BBl 11.0-
11.5 
48970 21290 247.4 14630 9300 174.1 41010 2965 
BB2 11.5-
12.0 
89000 23550 502.0 16360 10250 248.0 49540 3201 
BCl 0 -
0.25 
87000 38220 417.4 15820 12720 260.9 52100 3466 
BC3 0.5-
0.7 
61300 41800 354.2 13710 13690 293.4 56900 3798 
BC4 1.0-
1.5 
112900 32340 478.1 10390 11300 227.3 48230 3234 
BC6 2.5-
2.6 
88100 5910 164.0 2040 2590 69.3 6680 339 
BC7 2.9-
3.0 
102600 31420 351.9 13780 10460 226.5 49420 3657 
BC9 5.5-
5.7 
16040 29110 192.4 21170 15380 320.3 67200 4893 
BCl l 6.0-
6.1 
87300 13790 335.7 22990 10340 317.7 50900 2341 
BC13 8.5-
8.6 
93100 17970 366.1 18180 9850 277.2 49920 2568 
BC14 10.6-
10.7 
14820 21210 3022 19050 8330 339.6 36800 2249 
BC17 11.7-
11.8 
85000 57700 435.2 17170 10850 148.6 42400 2450 
BC19 15.0-
15.1 
85600 50500 211.2 17560 10120 237.1 39640 2501 
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Borehole/ 
Sample 
No. 
V Cr Mn Fe Co Ni Cu Zn P 
BAl 98.3 136.0 810.0 36800 21.0 177.0 34.8 65.5 536 
BA6 66.3 276.0 546.0 21400 12.0 85.0 23.0 36.5 302 
BAIO 89.5 186.0 719.0 32200 19.0 154.0 22.3 55.5 572 
BAM 44.0 138.0 519.0 13000 7.5 46.5 10.8 23.5 242 
BA16 45.0 74.5 410.0 15200 9.5 78.5 21.8 30.5 376 
BAl 8 102.0 91.5 752.0 36700 21.5 175.0 32.0 69.0 474 
BBl 108.5 210.0 424.5 28500 17.0 131.5 27.8 48.0 476 
BB2 99.8 257.0 531.0 30930 18.0 137.0 29.8 50.0 488 
BCl 99.3 13.0 722.0 36940 22.5 188.0 37.3 62.0 654 
BC3 109.8 199.5 736.0 43690 27.5 227.5 49.5 76.5 728 
BC4 89.0 195.5 681.0 33910 21.0 176.0 34.3 54.5 496 
BC6 10.5 6.0 75.8 3150 2.5 15.5 3.5 8.0 114 
BC7 98.0 224.0 797.0 34260 21.5 180.5 30.0 51.0 492 
BC9 218.8 368.5 426.0 43410 25.0 216.5 39.3 76.5 578 
B C l l 58.5 244.5 418.5 14770 8.0 53.0 22.8 27.0 244 
BC13 67.8 298.5 533.0 20060 12.0 80.5 23.0 24.0 298 
BC14 60.8 211.5 424.5 15250 10.0 82.0 13.0 25.5 274 
BC17 83.5 120.5 614.0 33030 16.0 148.5 24.3 46.0 332 
BCl 9 57.5 375.0 534.0 18010 10.0 67.5 13.3 23.5 344 
BC21 49.0 174.0 301.5 15510 10.0 70.0 8.5 21.5 266 
BDl 91.8 220.0 612.0 27610 17.0 137.5 23.5 41.5 458 
BD9 68.8 125.0 535.0 26700 15.0 123.0 23.0 43.0 398 
B D l l 72.0 119.0 749.0 26850 15.5 123.5 23.8 44.0 390 
BD16 87.3 221.0 538.0 28600 17.0 136.0 27.0 50.0 426 
BD21 47.8 211.0 304.0 15600 10.0 70.0 8.0 24.5 236 
BD22 166.0 263.5 324.0 53000 34.0 329.0 103.3 98.5 1422 
BD27 92.5 115.5 791.0 34670 20.0 169.0 37.0 54.0 534 
BE2 65.8 158.0 495.0 23100 13.0 105.0 22.0 41.5 422 
BE4 94.8 188.0 671.0 35600 21.5 191.0 33.0 60.5 500 
BE9 75.5 421.0 668.0 26400 16.0 120.0 19.0 42.5 402 
BE13 47.0 75.5 422.0 18000 13.5 110.0 13.3 29.5 266 
325 
Appendix 6.6: The elemental composition of dolomite and Mg-calcite observed by back-scattered SEM 
from different sedimentary units. 
Sa^)le Depth Ng% Ca% Sr Fe Mn la 
BC18 13.6-13.7m 7.73 60.95 770 2830 320 1380 
tl R 40.53 58.39 2300 3310 920 -
R 40.85 58.35 1260 2140 170 570 
M R 38.39 60.71 730 2320 1680 -
11 R 44.79 54.37 710 340 160 1440 
BC14 10.6-10.7* 44.09 54.37 3810 4830 890 2050 
M R 41.77 55.76 3710 2570 1030 1460 
K6RB ' Subtidal 15.41 82.03 2030 2960 - 4400 
m R 16.19 82.72 2060 790 - 6300 
BC14 10.6-10.7m 39.82 53.68 1900 2460 1450 l i . C . 
* R 44.88 54.66 390 620 1650 -
n R 6.64 92.04 4240 3140 - -
M R 38.44 60.91 130 1260 1760 -
m R 39.39 59.73 1910 2880 5010 -
R R 38.41 54.45 - 870 710 1040 
BC18 13.6-13.7m 44.63 53.45 4320 3540 390 -
n R 41.70 57.94 240 1470 450 -
R R 38.94 60.89 1330 3770 3980 -
K5RB Subtidal 16.72 66.86 M.C. 84190 1120 1860 . 
H R 13.60 83.50 «.C. 10060 210 2230 
R R 12.35 85.48 M.C. 1140 1420 3840 
R R 12.58 86.19 N.C. 1690 - 2050 
K23/24R Intertidal 41.71 57.22 - 4960 - 1640 
R n 41.07 57.57 - 6600 590 270 
BC18 13.6-13.7b 45.59 52.61 4770 3860 880 1280 
M It 46.86 51.11 230 1240 30 4680 
R * 43.83 53.92 1600 3060 240 3520 
13A4 25-27 cm 41.88 56.78 B.C. 3370 770 1600 
BC18 13.6-13.7m 43.03 56.35 N.C. 2380 1130 H.C. 
II 42.81 56.11 1210 2380 1130 -
R n 39.01 60.48 1140 930 1220 -
R « 45.19 54.17 80 650 280 -
R n 44.57 55.13 - 1690 - -
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Appendix 7 .1 ; The total organic carbon (TOC) contents, maximum temperature (Tmax) 
and hydrogen index (HI) of selected sediments of the 21 surface stations of the Ahwar, 
Lower Mesopotamia 
Station Core No Sample No Depth in cm TOC% Tmax HI 
1 IB IB l 0 - 3 6.34 406.2 190 
1B2 13 - 17 2.16 - -
1B3 2 5 - 2 8 1.07 - -
1B4 3 8 - 4 2 2.83 - -
2 2C 2C1 0 - 2 0.43 418.2 152 
2C2 1 6 - 18 0.34 - -
2C3 27 - 29 0.28 - -
2C4 4 0 - 4 2 0.20 412.8 375 
3 3C 3C1 0 - 2 2.12 415.6 223 
3C2 1 3 - 15 0.60 - -
3C3 2 6 - 2 8 0.38 - -
3E 3E1 0 - 2 2.91 419 235 
3E2 1 2 - 1 4 1.17 - -
3E3 2 4 - 2 6 1.48 - -
4 4D 4D1 0 - 3 6.12 408.7 294 
4D2 11 - 13 1.65 - -
4D3 2 3 - 2 5 0.35 - -
4D4 3 6 - 3 8 0.22 323 40 
5 5A 5A1 0 - 3 3.69 - -
5A3 1 8 - 2 0 22.43 400.1 94 
5A4 27 - 30 17.66 - -
5A6 4 4 - 4 6 8.35 - -
5A8 5 7 - 5 9 7.79 403.3 193 
6 6A 6A1 0 - 2 6.91 417.1 175 
6A2 11 - 13 13.43 308.9 275 
6A3 2 2 - 2 4 11.35 - -
6A4 3 5 - 3 7 1.94 325.8 96 
6B 6B1 0 - 2 6.40 409.8 127 
6B2 15 - 17 9.24 - -
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6B3 2 9 - 3 1 3.81 - -
7 7B 7B1 0 - 3 7.91 407.3 86 
7B3 1 6 - 19 5.83 - -
7B5 3 5 - 3 7 18.06 401.4 84 
7B6 4 3 - 4 6 2.12 - -
7B8 6 0 - 6 3 0.66 - -
8 8A 8A1 0 - 3 . 2.44 399.1 95 
• * 8A2 13 - 15 2.50 - -
8A3 1 8 - 2 0 1.30 338.4 57 
8A4 2 9 - 3 1 1.04 - -
8A6 5 1 - 5 3 3.37 - -
8A7 5 6 - 5 9 3.60 402.2 84 
9 9A 9A1 0 - 2 14.56 319.7 183 
9A2 5 - 7 7.35 400.1 148 
9A3 1 6 - 1 8 3.34 - -
9A4 2 2 - 2 4 0.91 406.6 116 
9A5 2 7 - 2 9 0.66 - -
9A6 3 5 - 3 7 0.39 - -
9A7 4 3 - 4 5 0.45 253.1 38 
9A8 4 9 - 5 2 0.26 - -
10 lOA lOAl 0 - 3 2.30 399.9 167 
10A2 10 -12 1.18 - -
10A3 1 9 - 2 1 1.89 - -
10A5 3 4 - 3 6 1.37 326.6 129 
12 12A 12A1 0 - 3 3.91 404.5 165 
12A3 1 8 - 2 1 1.40 - -
12A5 3 7 - 4 0 0.67 311.9 45 
13 13A 13A1 0 - 3 1.74 386.9 88 
13A2 6 - 8 1.57 387.5 75 
13A3 15 - 18 1.54 - -
13A4 2 5 - 2 7 1.00 364.6 54 
3 2 8 
13A6 5 0 - 5 2 0.27 - -
14 14A 14A1 0 - 3 1.65 403.7 100 
14A3 2 2 - 2 5 1.06 - -
14A5 3 9 - 4 1 0.53 - -
15 15A 15A1 0 - 2 1.05 402.4 100 
15A2 7 - 9 0.90 - -
15A3 1 4 - 16 1.21 256.7 42 
• • 15A4 2 3 - 2 5 0.65 - -
15A6 4 0 - 4 3 0.52 - -
16 16A 16A1 0 - 3 3.27 390 131 
16A4 2 5 - 2 8 1.56 - -
16A6 4 5 - 4 8 0 .50 - -
17 17P 17?1 0 - 5 2.59 - -
17?2 2 5 - 3 0 1.69 - -
18 18P 18?1 0 - 5 4.52 408 84 
18P2 1 5 - 2 0 2.73 - -
18?3 25 - 30 1.80 375.4 25 
18?4 3 5 - 4 0 0.22 - -
19 19P 19?1 0 - 5 3.72 - -
19?2 1 5 - 2 0 3.46 - -
19?3 3 5 - 4 0 0.27 - -
19?4 4 5 - 5 0 0.26 - -
20 2 0 ? 20P1 0 - 5 0.51 - -
20?2 4 5 - 5 0 0.42 - -
21 2 1 ? 21?1 0 - 5 1.08 403.7 63 
21P2 1 0 - 15 0.52 - -
21?3 2 0 - 2 5 1.90 - -
21?4 4 5 - 5 0 0.73 - -
21?5 95 - 100 0.30 - -
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Appendix 7.1 (Continued) 
Borehole Location of the borehole Sa^>le No Depth in m TOC% THax BI 
A Northeast BA3 4.5-4.6 0.64 -
Hear Amara BA8 7.4-8.4 0.50 - — 
BA17 20.5-20.6 0.31 - -
B Between Amara and Hasiriyya BBl 
BB2 
11.0-11.5 
11.5-12.0 
14.55 
3.08 
398.8 
341.5 
76 
59 
C Northwest of Hasiriyya 
(Desertic marginal borehole) 
BCl 0 - 0.25 0.87 321.4 38 
BC3 0.5-0.7 1.57 331.9 72 
BC5 1.5-2.0 0.64 277.2 34 
BC9 5.0-5.2 1.54 297.7 19 
BCIO 5.5-5.7 1.35 386.5 34 
BC14 10.6-10.7 0.80 - -
BC21 15.9-16.0 0.35 - -
BC22 19.9-20.0 0.27 - -
D Southwest of Nasiriyya 
{Desertic marginal borehole) 
BDl 0-0.25 1.68 315.7 46 
BD9 4.7-5.2 0.18 - -
BD15 9.5-10.0 1.31 - -
BD16 10-10.6 1.23 369.9 120 
BD27 19.6-19.9 0.32 - -
BD31 21.1-21.6 0.28 - -
£ North of Basrah on the river 
levee 
BEl 0-0.5 0.30 - -
BE7 7 - 7.1 0.42 - -
BE16 16 - 16.1 0.82 - -
F West of Basrah and within 
Basrah vicinity 
BFl 13.5-13.6 0.31 - -
BF3 15.5-16.0 0.27 - -
BF6 17.0-18.0 0.25 
G M # # BGl 13.5-13.6 0.31 399.3 28 
# # # BG2 13.8-14.0 2.32 - -
R n V BG3 14-14.2 4.74 412.7 Ill 
3 3 0 
Appendix 7.2: The relative composition (expressed as percentages) of the organic components of the 
macerated samples of both surface and subsurface organic-rich sediments based on optical examination 
of at least two thin sections of each sample. Note the increase of woody structures and the reduction of 
harbaceous in borehole samples compared with those of the surface. 
Sample 
no 
Depth Algal 
degraded 
amorphous 
% 
Spores 
% 
Other 
structures 
% 
Opaque 
wood% 
Marine 
structure 
% 
Others (eg 
pyrite)% 
9A1 0 - 3 cm 30 10 35 20 - 5 
7B1 0 - 3 cm 40 15 30 15 - -
7B5 35 - 37 cm 30 20 25 20 3 2 
9A6 35 - 37 cm 35 20 35 5 - 5 
9A3 16 - 18 cm 30 15 30 20 - 5 
lOAl 0 - 3 cm 25 25 40 5 - 5 
18A1 0 - 3 cm 20 20 25 30 3 2 
18P1 0 - 5 cm 30 25 30 20 - 5 
13A1 0 - 3 cm 30 20 25 15 - 5 
13A2 6 - 8 cm 25 5 40 15 - 5 
13A4 25 - 27 cm 40 15 30 10 - 5 
13A6 50 - 52 cm 30 10 30 20 - 10 
15A1 0 - 2 cm 20 15 45 15 5 -
BBl 11 - 11.5 
m 
30 15 20 30 - 5 
BB2 11.5 - 12 
m 
35 10 15 35 - 5 
BCl 0 - 0.25 m 25 10 30 30 - 5 
BC9 5.5 - 5 .7 m 20 20 15 40 5 -
BCIO 5 - 5 .2 m 35 25 10 25 - 5 
BG2 13.8 - 14 
m 
30 15 15 30 5 5 
BG3 14 - 14.2 
m 
20 20 20 30 7 3 
3 3 1 
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Abstract 
Petrological and LANDSAT image analyses have been carried out on the lakes and marshes (Ahwar) of 
southern Iraq. The detailed sedimentological study of Recent surface sediments (to about 1 m depth) 
has revealed new geological information about the history of the Tigris - Euphrates Delta during the last 
4000 years. Carbon-14 dating of several shelly horizons supports the conclusion that very low 
sedimentation rates prevailed during the late Holocene, particularly in the lower reaches of the 
Tigris-Euphrates rivers. The main potential sources of sediments are aeolian and alluvial, with aeolian 
dust fallout being the dominant contribution during the last 2500 years. 
Exposed shelly sediments in the southwestern part of the Hammar lake are about 2 3 5 0 1 5 0 0 years 
old. These marginal outcrops have been produced by regional deformation of the Mesopolamian 
foreland basin which might be combined with the development of localised subsurface structures. Most 
of the suspended load of the Tigris-Euphrates rivers is believed to be deposited north of the study area. 
These factors have all resulted in a shift of facies from brackish lagoonal and coastal marshes to inland 
lakes/marshes and created the Shatt Al-Arab channel. Finally the results of microfaunal analyses are 
consistent with the conclusions drawn from sedimentological and radiometric data that an implication 
of sea-level fluctuations and differential sedimentation (as two main factors), and neotectonic activities 
(as an additional factor) has resulted in the evolution of the southern Ahwar of Lower Mesopotamia, 
particularly in the last 4000 years. 
KEYWORDS: Lower Mesopotamia, southern marshland {i.e. Ahwar), regional deformation, local 
neotectonics, sea-level fluctuations. Recent sedimentation. 
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Introduct ion 
The arid climate deltaic conhplex of the Tigris-Euphrates rivers 
occupies the lower reaches of the Mesopota m ia n p la ins (Larsen 
& Evans 1978; Ya'acoub etal. 1981; Al-Azzawi 1986; Baltzer 
& Purser1990; Aqrawi & Evans 1991). This Delta lies within a 
foreland basin (Fig. 1) between the stable Arabian Shield and 
desert to the southwest (Audley-Charles et al. 1977) and the 
mobile Zagros belt to the northeast (Vita-Finzi 1979; Haynes 
& McQuillan 1974). It appears to be the only modern delta 
opening into a hypersaline, semiclosed marine basin and 
bordered by a desert (Cunatilaka 1986). 
The lower deltaic plains are occupied by shallow fresh/ 
brackish water lakes (usually < 3 m deep) and surrounded by 
extensive reed marshes dominated by Phragmites and Typba. 
It was on the edges of these lakes and marshes {i.e. Ahwar) that 
human history in Iraq began (Thesiger 1967). 
The evolution of the Tigris-Euphrates Delta has been 
discussed since the beginning of the last century. Beke (1835) 
placed the northern limits of the Arabian Gulf inland of the 
Mesopotamian plains to the NV^ as far as Samarra (110 km 
north of Baghdad). Ainsworth (1838) proposed that the whole 
of southern Mesopotamia used to be a series of ancient lakes 
and marshes until about 280 years B.C.(/.e. about 2250 years 
B.P.). DeMorgan (1900) suggested that a transgression of the 
Arabian Gulf onto the hinterland of the Mesopotamian plains 
took place during the Holocene, extending about 200 Km 
north to the present-day shore lines (Larsen & Evans 1978). 
Lees & Falcon (1952) related delta evolution mainly to 
tectoniceffects. Mitchell (1957) thought thata series of east-west 
Recent upwarps had interfered with the dra inage in 
Mesopotamia. The upwarping of the Zagros-Taurus Range 
(Ameen 1991) occurred during the Alpine Orogeny (Late 
Cretaceous-Late Tertiary), and culminated during the upper 
Miocene Pliocene (Falcon 1969). Neotectonic evidence along 
the Arabian Gulf has been reported from both the Iranian and 
Arabian sides (Vita-Finzi 1979; McClure & Vita-Finzi 1982). 
The Gulf was previously considered to be a product of the 
Zagros fold belt (Kassler 1973) on the basis of submarine 
morphology and the general tectonic setting. 
The identification of estuarine and marine fauna and 
deposits {i.e. Hammar Formation) within the Holocene 
sequences of southern Mesopotamia (Hudson et al. 1957; 
Macfadyen & Vita-Finzi 1978; Ya'acoub etal. 1981) revived 
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Figure 1 . LANDSAT image showing the location of the Mesopotamian 
foreland basin be tween t he Zagros mounta ins (Z) to the northeast and 
t he stable Arabian Shield benea th the deserts (D) to the southwest . (A: 
Area of study, T; Tigris R., E; Euphrates R., S: Shatt Al-Arab) 
the ideas of DeMorgan (1900) & Lloyd (1949) about sea-level 
fluctuations (Larsen & Evans 1978; Al-Zamel 1983; Al-Azzawi 
1986; Baltzer & Purser 1990). This paper will discuss the 
geological history of the Delta in the last 4000 years and the 
factors involved in the deltaic evolution. Itwill support the idea 
that the Holocene sea-level fluctuations and differential 
sedimentation are the main factors involved in the evolution of 
the southern marshland rather than only the tectonics such as 
the active subsidence or growing of the localised subsurface 
structures. The study is based on field observations, LANDSAT 
images and petrological analysis of the surface sediments of 
the southern marshland of Lower Mesopotamia in addition to 
some carbon dating results of samples from near-surface shelly 
horizons. 
Area of study and materials 
Two freshwater lakes (Zechri and Baghdad) and the main 
brackish-water lake (Hammar) with the surrounding marshes 
and other sub-environments have been sampled for this study 
(Fig. 2). Aqrawi & Evans (1990) divided southern Mesopotamia 
into several sub-environments on the basisof aerial photographs, 
LANDSAT images and geological maps, taking into 
consideration the classifications proposed by Ya'acoub etal. 
(1981); Al-Azzawi (1986) and Baltzer & Purser (1990). 
The salinity of the lakes fluctuated from less than 1 %o to 
more than 15%o for the freshwater and brackish water lakes in 
IRAN ZE^ RI 
-«i^ BAGHDAD; ' Naslflyyi 
LUQAITTj 
Pre-Holocene 
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Inter/,rt 0 10 20 30 40 50km I 1 I I 
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Levee 
17ZI] Salt-covered 
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Figure 2. Distribution of various subenvi ronments of deposit ion of the deltaic plains of southern Mesopotamia . ( 1 , 2 , 3 ... etc. are station numbers) 
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winter and summer respectively. The pH raised seasonally 
between 7-9 respectively. Water temperature was less than 
15°C in the winter and could rise to more than 30°C in the 
summerforboth types of lakes. These fluctuations are obviously 
related to the air temperature and the river discharges. The 
dominant winds in the area are from NW and W directions 
respectively. They can contribute large amounts of aeolian 
deposits to the study area, particularly in summer. Foda etal. 
(1985) had claimed a rate of 0.8 mm/yr of dust accumulation 
in the northern Arabian Gulf by NW (Shamal) winds only. On 
the other hand theTigris and Euphrates rivers can carry 50-100 
X 106 ton/year (Milliman & Meade 1981). 
The main material collected consisted of surface cores of 
30-80 cm long (stations 1 to 16). Plastic irrigation tubes were 
driven into the sediments using a hammer and wooden slabs, 
then extracted by hand using a steel handle. Other sediment 
samples were collected from recently dug drainage channels 
and pits (stations 17 to 21). In addition, samples were collected 
from what appear to be the main sedimentsources (/.e. alluvia! 
suspended sediments and aeolian dust fall-out with dune and 
mobile sands). 
BOTTOM 
Figure 3. Radiograph of core 4B (Hammar Lake, Station 4) showing the sedimentary succession and associated structures of the Ahwar surface 
sediments d o w n to > 5 0 cm dep th . 
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Analytical me thods 
Anaiysisofseveral recent LAN DSAT images (Centre for Remote 
Sensing - Imperial College, London, 1991) for south 
Mesopotamia (Sabins 1987) made it possible to classify the 
area into several morphosedimentary sub-environments. 
Moreover, surface features, such as exposed lake margins 
identified on the images, were used to study the neotectonics 
of the area with the help of geological and tectonic maps of 
southern Iraq. 
Laboratory analysis began with the radiography of 
core-slabs. A Fixtron 8050 radiographic, self-contained, 
inspection system was used in order to study the nature and 
sedimentary structure of the sediments. It was followed by the 
description of sediment colour and then selection of 
representative samples for other petrological analyses. 
Optical petrography and mineralogy were carried out 
using stereoscopic, polarizing and scanning electron (Hitachi 
S 25 00) m icroscopes. The minera logy of the sed i me nt sam pies, 
their clay fractions (< 2 micron) and associated shells was 
determined using a Philips 1830 diffractometer employing 
monocromated CuK radiation generated a t40 kVand 50 mA. 
Semiquantitative analysis of the whole mineral content was 
estimated using standard curves. 
Grain-size analysis of the mud fraction was carried out 
using a SediCraph 5100 system (Micromeretics Co.). Classical 
sieving procedures (Folk 1974) were adopted for the analysis 
of the sand fractions of several samples. The carbonate content 
(expressed as C a C 0 3 %) was estimated by the Collins 
Calcimeter. Total organic carbon (T.O.C. % ) was determined 
on the residue of powdered sediments, after treatment with 
diluted HCI acid, usinga Perkin Elmer240 Elemental Analyser. 
Palaeontologicalstudiesofthesand and coarse siltfractions 
revealed the occurrence of some microfauna. The identification 
was concentrated on the foraminifera (with the help of Professor 
J. Murray, University of Southampton) and ostracoda (with the 
help of Dr. D. Home, Thames Polytechnic, London), as the 
most common microfauna. In addit ion the molluscan 
macrofauna was classified by Dr D. Brown ( Nat. Hist. Mus., 
1991). 
Carbon radiometric dating was carried out on four shelly 
samples from stations 19 and 20 (Fig. 1) at Universiy College, 
London using the first order method (Glover et al. 1990; 
Vita-Finzi & McClure 1991). 
Petrology 
Sediments are supplied to the area of study by fluvial discharge 
through theTigris-Euphrates rivers and by aeolian transportation 
mainly as dust fall-outfrom northwesterly (Shamal) and westerly 
winds (Milliman & Mead 1981; Foda et al. 1985; Aqrawi & 
Evans 1991). The two potential sediment sources have nearly 
the same mineral content. Calcite, quartz, dolomite and 
feldspars are the main mineral constituents. Iliite, palygorskite, 
expandables (mainly as smectite with some illite-smectite 
mixed layers), kaolinite and chlorite are their main clay 
minerals. Also both allocthonous sediment types are silty in 
nature. Dust fallout is clayey sandy silt, while the alluvial 
suspended sediments are clayey sill. They are both calcareous 
in nature. Their carbonate content has increased after deposition 
in the Ahwar subenvirnments through the additions of the 
macrofaunal and microfaunal remains, as well as authigenic 
accumulation of dolomite and Mg-calcite. 
The Ahwar sediments are generally characterised by a 
Table 1. S u m m e r y of grain- s ize analys is of t he A h w a r sed imen t s . 
S e d i m e n t a r y E n v i r o n m e n t S a n d % Sil t% Clay% S a m p l e s 
F r e s h w a t e r l a k e / m a r s h 30.8 46.1 23.1 13 
B r a c k i s h - w a t e r = 23.8 47.6 28.6 21 
Rela t ive ly S a l i n e = 30.8 53.8 15.4 13 
C r e v a s s e S p l a y a n d L e v e e 
of E u p h r a t e s River. 
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Figure 4. T he m e a n minera l c o n t e n t of se lec ted sec t ions {i.e. st. 7, 8, 
9 , 10, 13 & 18) of t h e A h w a r s u b e n v l r o n m e n t s . 
greenish grey colour which may darken at depth. Blackish 
organic-rich sediments are usually restricted to the surface 
layers in some stations. Some reddish silty clay sediments 
formed the base of some sequences near ancient rivers levee 
to the east toward Shatt Al-Arab. The mean carbonate content 
of the sediments is about 40% CaCO^ and ranges from 20 to 
60%. In the skeletal-rich zones it might reach 85% CaCO^, 
particularly in the freshwater lakes. On the other hand the 
sediments are not very rich in total organic content( usually 
<5% T.O.C.). High T.O.C. content is restricted mainly to the 
surface layers( about 7-15% T.O.C.). It drops to 1 % T.O.C. or 
less in the bottom layers of most studied sections. 
Radiography of the cores (Fig. 3) showed that bioturbation 
was the dominant sedimentary structure. Lamination was rare 
and restricted to the bottom clayey and river-levee sediments. 
Plant roots had penetrated into the sediments up to >30 cm. 
The sedimentary sequences of most subenvironments could be 
generally subdivided into three main units. The surface layer 
(0-7 cm) is usually organic-rich and occurred as clayey sandy 
siltfacies in manystations. The bottom layer is mostly laminated 
silty clay or clay and occurs at depths of >35 cm. The shelly 
mid-layer is characterised by macro-mollusc shells. Although 
some exceptions are to be found in the Euphrates river levees, 
Zechri lake and the relatively saline and dry areas southwest of 
the Hammar lake {i.e. stations: 7 , 8 , 1 5 and 20). In the last two 
stations the vegetation cover is always obscured by high 
salinity {i.e. about 2 0 % o ) . 
Silt makes up about 60% of the Ahwar sediments as clayey 
sandy silt and clayey silL Sandy fades , usually silty sand, 
makes up 23%. Clay makes up the rest as silty clay and clay 
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Figures. Scanningelec t ronmicrographsof : Ammonia beccarii (A),Cypridiestorosa(B)with itscharacteristiccircularsiev-pores(C) and Agglutinated 
Foraminifera (D). 
facies (Table 1). 
The total mineral content of the sediments (Fig. 4) showed 
that calcite is the most abundant mineraK >40%) followed by 
quartz (about 20%) and dolomite and feldspar (each 10% or 
more). Other minerals were detected too, but mainly as 
authigenic phases such as pyrite, gypsum and Mg-calcite. 
Fauna 
Various species of macrofauna dominate the surface sediments 
of Ahwar. They are restricted to the families Corbiculidae, 
Thiaridae and Vivaparidae in which their species are dominant 
in particular environments. While most of the Corbiculidae 
and Vivaparidae are common in the upper half of the sections, 
the Thiaridae are concentrated in the mid-sequences of the 
studied stations except stations 15, 20 and 21. The identified 
molluscan species included: Bellamya, Corbicula,Menalopsis, 
Menaloides, Lymnea and Unio. The same assemblage and 
some others have been described by Harris (1964) from rivers 
and lakes of central and northern Iraq. Macfadyen & Vita-Finzi 
(1978) have reported many species of macro and micro fauna 
within the Holocene of southern Mesopotamia, some of them 
indicative of estuarine and marine environments. It is obvious 
that some ion concentrations (such as magnesium, nitrate and 
bicarbonate) affect the distribution of the distinct macrofauna 
as much as the salinity and temperature of the sedimentary 
s u b e n v i r o n m e n t s (Harris 1964) . XRD analysis of the 
macro-shells shows that they are all built up of aragonite. 
Microfaunal remains are c o m m o n but resticted to 
Foraminifera and Ostracoda. Ammonidae, Elphidium and 
Agglutinated are the only Foraminifera observed within the 
Ahwar sediments (Prof. J. Murray, Pers. Comm. 1991) in 
various subenvironments. Ammonids are the most common in 
many studied stations and increase with depth, particularly 
Ammonia beccarii (Fig. 5a). This species may reflect brackish 
estuarine conditions of very shallow shelf environments such 
as lagoons and intertida I flats (Murray 1991 ).The ostracods are 
dominated by the genus Cyprideis, mainly as torosa (Fig. 5b), 
but, other ostracods like Darwinola and Limnonythereare also 
reported (Dr D. Home, Thames Polytechnic, London, Pers. 
Comm., 1991). These ostracods can reflect very brackish 
conditions (Fig. 5c) as they are mostly chracterised by circular 
(rather than irregular) sieve-pore shapes indicating to low 
salinity of their environments of living (Athersuch etal. 1989). 
Agglutinated foraminifera are observed only in the Baghdad 
lake sediments (Fig. 5d). The remaining species are very 
common in the Hammar lake and marsh sediments, particularly 
the lower half of the sequences, and are concentrated in the 
central and western parts. Many diatoms and charaphytes are 
present but only within the surface layers of the sections and 
mostly in freshwater environments. 
Figure 7. Aeolian 
contribution (A) to the 
western marginal parts 
of the study area {e.g. 
St. 21), particularly as 
sand dunes, covering 
the lacustrine (L) and 
brackish/marine(B/M) 
sedimentary units. 
^ A ^ 
"V ^ y % 
Figure 6. Brackish/marine shelly sedimentary unit exposed in the southwestern 
part of the study area. 
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Figure 8. Distribution of the main sedimentary units in the Recent 
sediments of the southern Ahwar of Lower Mesopotamia. 
Neotectonic evidence 
During the field studies, it became obvious that the southwestern 
sides of the Hammar lake are less vegetated and more saline. 
The salinity can attain > 15%o, whereas in other parts of the lake 
it is usually < 10%o. Marine sediments occur in some areas (e.g. 
stations 15 & 20) about 2 m above sea level, which may 
represent the marginal ancient shoreline sediments rich in 
marine macrofauna rather than a modern lake sediments of 
freshwater macrofauna (Fig. 6). Most of the western marginal 
areas of Ahwar are subject to aeolian invasion, especially by 
sand dunes, as in station 21 (Fig. 7). Radiographs of other cores 
from the Hammar lake and marshes show that these surface 
shelly sediments correlated with the lower parts of the 
intermediate shelly layer (Fig. 8). As a result, it is believed that 
the exposure of the western marginal areas has a tectonic 
explanation. 
Comparison of the observations noted above with 
LANDS AT images (February, 1991) of the area showed some 
continuousfeatures along the southwestern partsof the Hammar 
lake (Fig. 1 and Fig. 9). On the other hand, the tectonic map of 
the area does not show very clear relationship between these 
exposed marginal parts and the surrounded subsurface 
structures, particularly oil-field anticlines and basement faults 
(Fig. 10). The only exception, among the whole study area, 
could be the diversion of the river channels in some specific 
locations such as the Euphrates near Medaina (station 8 in Fig. 
2) or the Shatt Al-Arab near Siba (at the confluence with the 
Karun River, in Fig. 2) which can be clearly related to the 
development of the subsurfsce oil-field anticlines. 
It is believed that the combination of the regional 
compressional forces of the Mesopotamianforland basin with 
the growth of some subsurface structures is responsible for the 
neotectonic activities in the area of study. This combination 
can be obviously noticed along the basin margins, such as the 
southwestern parts of Hammar lake (e.g. St. 20). Also it could 
be responsible for the dessication of some historical irrigation 
canals such as those of the south west Mesopotamia which 
have been connected to the Shatt Al-Arab at Basrah. The latter 
have been explained as due to the probable growth of local 
subsurface structures (Al-Sakini 1986) only, particularly the 
Zubair anticline . 
Carbon radiometric dating 
Only four samples of two pit-sections (i.e. stations 19 & 20) 
contained shell suitable for first-order C-14 dating. The age of 
the four samples , two from each sect ion, facil i tates 
chronostratigraphic correlation between the two stations (Fig. 
11). Samples 20P1 and 19P3 are statistically of the same age 
(2350 ± 500 and 2900 ± 550 years B.P respectively). Sample 
20P1 represents the surface layer (0-5 cm), while 19P3 is from 
the lower part of the shelly unit at a depth of 35-40 cm. The 
dated shellsof both samples were Menalopsisand Melanoides. 
Sample 20P2 (45-50 cm depth ) gave an age of 3850 ± 950 
10 90 
K M 
'.•dd-
Figure 9. LANDSAT image of the Hammar Lake and surrounded marshes showing the Euphrates crevasse-splay (E-C) and the joining of the Tigris 
(T) and Euphrates (E) rivers to form Shatt Al-Arab (S) in addition to the exposed ancient brackish/marine sediments at St. 20 which can be followed 
along the southwestern margins of the main basin. 
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Figure 10. Tectonic map of southern Mesopotamia (modified from the tectonic map of Iraq, after the Geological Survey of Iraq, 1984). 
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Figure 11. Correlation between the sedimentary units of the two 
stations (i.e. 19 and 20) with dated shell-samples. 
years B.P. and sample 19P1 (0-3 cm depth) was modern (<400 
years B.P.). The shell samples analysed for 19P1 were of 
Bellamya and for 20P2 were undifferentiated fragments of 
marine gastropods, oysters ... etc. Grain size analysis of the 
sand fraction of the two dated samples {19P3 & 20P1) and 
another correlative sample (21P3) from farther west (station 
No.21 in Fig. 2) showed almost the same cumulative curves 
Sample Depth Station no. 
— t9P3 35-40cm 
20P1 0-5cm 
21P3 15-25cm 
2 3 
0 GRAIN SIZE 
Figure 12 . Cumulative curves of the sand fractions of three selected 
brackish/marine sediment-samples from different stations and at various 
depth-intervals. 
(Fig. 12). This may reflect the almost uniform nature of the 
sedimentary unit a long the east-west traverse (including stations 
19, 20 and 21) over a ditance of about 60 Km. 
The sedimentation rate for the modern lacustrine units 
based on the date of sample 19P3 is about 0.15 mm/yr 
(uncorrected for compaction). For the estuarine unit the 
calculated sedimentation rate, based on the dates of samples 
20P1 and 20P2, is approximately 0.30 mm/yr (Table 2). 
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Table 2. Dating results and estimated sedimentation rates for the 
Ahwar Area. 
Lab. No. Sample Depth 
in cm 
Stat ion Age/C14 Sed . Rate 
Years B.P. 
UCL 311 19P1 0-5 19 <400 Modren 
UCL 310 19P3 35-40 19 2900 = 550 0.16 mm/yr 
UCL 3309 20P1 0-5 20 2350 = 500 
} 0.30 mm/yr 
UCL 313 20P2 45-50 20 33850 = 950 
Recent sedimentary history of the study area 
The studied sections of the Ahwar area can be divided 
sedimentologlcally into three main units, based on sediment 
nature, mineralogy and distribution of the fauna. The upper 
unit is composed mainly of organic rich sediments and some 
modern macroshells. It overlies a shelly unit rich in freshwater 
and brackish water biota. The sedimentary fades of these two 
units mainly resemble to dust fall-out deposits. They represent 
the surficial sediments of the present-day lakes and marshes to 
a depth of 35 cm depth. The lower unit occurs to the bottom 
of the studied sections, and may go deeper. The lower unit is 
characterised by laminated clayey sediments with some 
microfauna reflecting a brackish-water source of deposition 
such as brackish lagoon and embayment environments. 
The general correlation between the three sedimentary 
units at several stations leads to the vertical and horizontal 
scheme shown in Figure 8. 
The sedimentary units reflect three different periods of 
deposition. The lower unit is related to a quiet brackish 
environment subject to marine influence pior to 3000 years 
B.P. The bulk of the upper unit represents modern lacustrine/ 
marsh depositional environments. The lower part of the 
intermediate unit is a transitional zone from brackish/marine 
conditions to modern frshwater lacustrine conditions. 
The brackish/marine unit can be correlated with other 
dated sediments around the Arabian Gulf. Sediments of nearly 
the same age are reported from ancient shorelines above than 
sea level in eastern Saudi Arabia (McClure & Vita-Finzi 1982; 
Vita-Finzi & McClure 1991) and northwestern parts of the Gulf 
(Al-Zamel 1983). The southwestern Abu Dhabi sabkhas were 
affected by the same Holocene marine transgression and 
regression (Evans etal. 1969). Holocene sea-level fluctuations 
doubt less had a main role in the evolut ion of the 
Tigris-Ephrates-Karun Delta (Larsen 1975; Larsen & Evans 
1978; Ya'acoub efa/. 1981; Al-Azzawi 1986; Baltzer& Purser 
1990). The effects of such fluctuations may have ended after 
the deposition of the lower unit in the study area nearly 3000 
years B.P. (Fig. 13). The geomorphology of the area has 
changed from brackish lagoons and intertidal flats into inland 
lakes and marshes (Ahwar). The archaeological sites of the 
T 
Larsa 
Naslriyya 
Erido 
Basrah 
Umm Qasr 48 
Modern City 
Ancient City 
S u g g e s t e d Gulf limits 3000yrs 
Before Present (B.P.) 
River Delta 
Pre-Transgression Ancient Channel 
Euphrates Post-Deltaic Channel 0 10 20 30 40 5 0 k m 1 I 1 I 
Figure 13. Area of study 3000 years B.P. as revealed from sedlmentological and LANDSAT image analyses of southern Mesopotamia. 
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ancient cities in southern Mesopotamia (around a line of 200 
Km north to the present northern shorelines of the Gulf) 
confirm the maximum limits of the Holocene transgression in 
the hinterland of Mesopotamia (DeMorgan 1900; Larsen & 
Evans 1978; Baltzer & Purser 1990). 
Evolution of the Ahwar: 
discussion and conclusion 
The persistance of the southern Ahwar of Lower Mesopotamia 
as a submerged vegetated lowland area is not only due to the 
active subsidence of the delta as claimed by Less and Falcon 
(1952). It is believed, based on the new evidence appeared 
from this study and other former sedimentological studies, that 
two other main reasons are responsible. The first is that very 
low sedimentation rates prevailed in the study area, particularly 
Hammar lake and surrounded marshes, after the total retreat 
of the sea (i.e. since about 2500 years B.P.). The suspended 
loads supplied by the Tigris-Euphrates were very due to the 
dissipation of their discharges (in farther northern regions 
before reaching the study area) in their deltaic alluvial fans 
(Al-Azzawi 1986; Baltzer & Purser 1990) or crevasse slays and 
perhaps as a consequence of water management in ancient 
Mesopotamia (Nutzel 1975; Susa 1963). 
In addition, the sediments from the Karun and Karkha 
rivers to the east of the Shatt Al-Arab and from the western 
desertic alluvial fan of Wadi Al-Batin were restricted the 
alluvial plain of Mesopotamia in the south (Geographical 
Handbook of Iraq, 1944; Rzoska 1980; Baltzer & Purser 1990), 
and increased the isolation of the study area as inland Ahwar 
environments from the Gulf. 
On the other hand, the joining of the Euphrates River with 
Tigris River a tQurnah after the regression and then the creation 
of the Shatt Al-Arab channel might be interpreted as due to 
local neotectonic effects (Lees & Falcon 1952), but it could also 
be due to normal sedimentologial compaction during deltaic 
evolution (Evans 1989). However, no clear relationship can be 
found between the post-deltaic Euphrates channel (i.e. from 
Nasiriyya to Qurnah) and the subsurface structures of the area. 
It is believed that this post-deltaic Euphrates channel marks the 
limits between the ancient coastal marshes and the lagoonal/ 
intertidal zone during the last phase of regression (i.e. later tha n 
3000 years B.P.). 
For more information about Delta evolution, particularly 
in southern Mesopotamia, a detailed sedimentological study 
of the Holocene sequences of the area coupled with more 
accurate dating of the peat horizons and shelly zones of the 
Holocene Hammar Formation are r ecommended . The 
reconstruction should lake into account archaeological history 
(Evans 1979) since Sumerian time up to the recent historical 
times such as the Islamic Abbasid period when advanced 
irrigational systems were developed (Sousa 1963; Glaushco 
1990). Also the history of the construction of some modern 
cities like Basrah and Qurnah during Islamic times willenhance 
the geological evidence. Finally such a study if extended to the 
areas farther north towards central Iraq would be of value to 
e c o n o m i c geology as well as historical geology and 
archaeology. 
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PALYGORSKITE IN THE RECENT FLUVIO-LACUSTRINE AND 
DELTAIC SEDIMENTS OF SOUTHERN MESOPOTAMIA 
Palygorskite has been widely re|)orted as a day phase in the Recent sediments of the 
nprthern Arabian Gulf (e.g. Aqrawi & Sadooni, 1988). It is usually thought to have 
originated from the sediments and soils of the Mesopotamian flood plains introduced by 
northwesterly (Shamal) winds (e.g. Al-Bakri etal., 1984). Al-Rawi etal. (1969) and 
Eswaran & Barzanji (1974) have detected palygorskite within Mesopotamian soils. This 
paper describes the occurrence of palygorskite in the Recent sediments of southern 
Mesopotamia and its possible origins will be discussed. 
Geological setting 
The lower Mesopotamian plain is a broad, flat deltaic complex with shallow freshwater 
(such as Zechri & Baghdad) and brackish water (like Hammar) lakes (usually <3 m depth), 
surrounded by extensively vegetated marshes, locally called the Ahwar. Sedimentologically 
the area can be subdivided (Aqrawi & Evans, 1990) into several depositional subenviron-
ments (Fig. 1). 
The surface sediments of the Ahwar are either fluvio-lacustrine or aeolian in origin. 
Other sources of sediments are biological activity and chemical precipitation within the 
lakes and marshes. According to the faunal evidence (molluscs, foraminifera and 
ostracods), the sediments become more brackish/marine in origin with depth. The brackish/ 
marine sediments of the Holocene Hammar Formation (Hudson et al., 1957) overly older 
alluvial and aeolian sediments which merge laterally with playa deposits of western margins 
in the boreholes C, D & H. 
Materials 
Samples of Recent sediments from lakes and marshes were collected by driving plastic 
irrigation tubes into the sediments to depths between 30 and 80 cm (stations 1-16) (Fig. 1). 
Other samples were collected from recently dug drainage channels and pits (stations 17-
21). In addition, suspended river sediments were collected from the Tigris 20 km N of 
Qumah, the Euphrates at Nasiriyya and the Shatt Al-Arab at Basrah. More than 501 of the 
water collected from each river were concentrated into 11 by decantation after settlement of 
all suspended particles. Dust samples were obtained from the city of Basrah and Qumah 
town by collecting the accumulated dust from previously cleaned roofs of some high 
buildings during June-July 1990. Other aeolian sediments were collected from south-
western parts of the study area such as dune and mobile deposits. Holocene sediments of 
the deltaic sequences were sampled from several boreholes (A-H in Fig. 1) which had been 
drilled by the Geological Survey of Iraq during 1979-1980. 
Methods 
X-ray diffraction (XRD). The XRD analysis was performed on powdered whole-sample 
specimens using a Philips automated diffractometer (PW 1820) with autodivergence slits 
and monochromated Cu-ZTor radiation from 2-85° 26. 
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FIG. 1. Map of study area showing the locations of stations (1 to 21) and boreholes (A to H) , and the 
m o d e m sedimentary environments dominating southern Mesopotamia (af ter Aqrawi & Evans , 
1990). 
Most of the carbonate and organic content was in the coarse fractions and was removed 
by wet-sieving through a 63 jum sieve to avoid any chemical interaction. The <2 fim clay 
fraction of each sample dispersed with ammonia was separated using centrifugation 
techniques'(Tanner & Jackson, 1947). Oriented specimens of the <2 fan fraction were 
prepared using the suction-onto-ceramic tile method (Shaw, 1972) after being saturated 
with Mg"^"*^  cations using 1 M MgCl2 solution. Each clay specimen was analysed: (a) in the 
air-dry state, (b) after glycolation, (c) after glycerolation, (d) after heating at 350°C for 1 h 
and (e) after heating at 550°C for 1 h. 
Quantification of the detected clays was carried out by modification of procedures 
described by Schultz (1964) to include palygorskite. Palygorskite percentages were 
calculated by the use of an additional equation similar to that for illite. 
Scanning electron microscopy (SEM). A scanning electron microscope (Hitachi S 2500) 
with an EDAX microprobe facility was used to provide secondary electron images for 23 
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gold-coated chips of palygorskite-rich samples. The identification of palygorskite was based 
on its fibrous nature and high Mg-Fe content. High-resolution back-scattered electron 
microscopy (White etal., 1984) was used to analyse polished thin-sections of the 
palygorskite-rich sediments for geochemical purposes, using a cobalt metal standard. The 
conditions for the ED AX microprobe analyses were 20 kV, 15-17 mA with 100 s 
live-time. 
Results 
Petrology. Most of the Recent surface sediments of southern Mesopotamia are muds or 
silts; sandy sediments are represented mainly by molluscan shell horizons with some older 
Holocene sandy units. 
Mineralogically all the sediments consist predominantly of calcite and quartz with lesser 
amounts of feldspar, dolomite and Mg-calcite. Aragonite occurs as skeletal debris of 
macrofauna, while gypsum occurs mainly in play a, sabkha and other saline sedimentary 
units. 
The clay fractions of all the sediments studied have similar clay assemblages of illite, 
palygorskite, expandable clays (mainly smectite but with some smectite-rich illite-
smectites), kaolinite and chlorite. Palygorskite occurs in all sediment samples (Table 1). 
TABLE 1. Clay mineral assemblages of the Recent fluvio-Iacustrine and deltaic sediments of southern Mesopotamia. 
Sample no. Depth P 
Exp 
(x + S) I K C Location and depositional environment 
Source sediments 
DFB Surface 30 25 25 10 10 Dust fall-out—Basrah 
DFQ Surface 30 25 20 10 15 Dust fall-out—Qurnah 
SSTR Surface 20 30 25 15 10 Suspended sediments—Tigris River 
SSER Surface 20 30 15 10 10 Suspended sediments—Euphrates 
River 
Ahwar sediments 
8A1 56-59 cm 20 30 25 15 10 Euphrates River—levee 
10A5 34-36 cm 10 45 15 15 15 Euphrates River—crevasse splay 
9A1 0-3 cm 10 40 20 15 10 Freshwater Lake Baghdad 
7B6 43-46 cm 20 35 25 10 5 Freshwater Lake Zechri 
13A1 0-3 cm 15 45 15 15 10 Brackish water lake Hammar 
19P3 20-35 cm 25 35 20 15 5 Brackish water lake Hammar 
1B4 38-42 cm 25 30 20 15 10 Brackish water marsh Hammar 
21P4 25-50 cm 30 30 15 20 5 Dried saline lake Kuraiz Al-Meleh 
15A3 14-16 cm 40 30 20 10 5 Rel. saline-water marsh Luqait 
Holocene sequence 
BC6 2 5-2 6 m 35 45 5 10 5 B.H. North Nasiriyya—sabkha unit 
BC17 11 7-11 8 m 50 25 10 15 5.: B.H. North Nasiriyya—saline unit 
BD27 19 6-19 9 m 25 5 5 . 10 10 5 B.H. South Nasiriyya—playa unit 
BF4 16 0-16 5 m 25 35 20 20 5 B.H. East Basrah—brackish unit 
BH2 0 25-0 50 m 25 40 20 . lb 5 Khor Al-Zubair—intertidal unit 
P = palygorskite, 1 = illite, Exp = expandables, S = smectite, x = mixed-layer illite-smectite, K = kaolinite, 
C = chlorite. 
All values quoted to nearest 5%; totals may not sum to 100%. 
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Aeolian dust and suspended river sediment samples contained 20-30% palygorskite in 
their clay fractions. In the Ahwar sediments, the amount of palygorskite varies from 10-
40%. There is generally an increase in abundance with depth, particularly in the sampled 
sections of brackish and relatively saline sedimentary environments (e.g. stations 4, 12-19 
and 21: Fig. 1). In most analysed borehole samples there was >25% palygorskite (Table 1), 
with 30-50% at some distinct intervals. It was the main clay mineral in these distinct depths 
of Holocene playa and sabkha facies, particularly toward the western margins of the 
Mesopotamian basin (i.e. boreholes C, D and H). 
Scanning electron microscopy. From SEM observations the fibrous morphology of the 
palygorskite (Fig. 2) can be readily recognized, especially in the samples from the Holocene 
playa, sabkhas and brackish/marine Ahwar sedimentary units. The delicate dense 
aggregates of fibrous palygorskite crystals, usually covering dolomite crystals, are indicative 
of the authigenic origin of most of the palygorskite. Detrital palygorskite occurred as 
aggregates of eroded fibres usually not associated with dolomite and with no SEM evidence 
of neoformation. The quantitative elemental analysis using high-resolution back-scattered 
SEM characterized the authigenic palygorskite geochemically (Table 2). 
Discussion and conclusions 
The palygorskite in the sediments studied is both detrital and authigenic in origin. 
Detrital palygorskite commonly occurs in the sediments, particularly in the aeolian and 
suspended alluvial sediments. Most of the western desert and northwestern areas of Iraq are 
covered by evaporitic deposits which can be favourable areas for palygorskite formation 
FIG. 2. Scanning electron micrograph of dense aggregates of the authigenic fibrous palygorskite 
crystals covering dolomite rhombohedra, sample BC18 (13 6-13 7 m) of playa unit-borehole C. 
Scale-bar (dotted line) is 6 /an. 
157 
TABLE 2. Major element composition of authigenic palygorskite, based on ten 
analyses using high-resolution back-scattered SEM. 
Values from Caillere 
Element % This study & Henin (1951) 
SiO, 52-35 53-64 
7-01 8 7 6 
FeO 1 
4 95 
0 23 
FezO)} 3-36 
CaO 135 2-02 
MgO 11-96 9 05 
TiO. 0 9 6 0-60 
K3O 1-09 Others |2-40 
NanO 0-32 
Subtotal 79-99 80-06 
H2O+ 10-89 
Assumed 21-00 
H.Cr 9 12 
Total 100-99 100-07 
FIG. 3. High-resolution back-scattered electron micrograph showing a large gypsum crystal (Gyp.) 
and some detrital grains such as quartz (Qtz.) in addition to the matrix (Mtx.) which is mainly 
composed of authigenic palygorskite and dolomite crystals. Scale-bar is 1 mm. 
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(Weaver & Beck, 1977). During the summer, palygorskite from these areas can be 
transported by the dominant northwesterly and westerly winds to the study area and other 
northern Gulf regions. In winter and nng, the heavy rains can erode the sediments and 
soils of northern and central Iraq and transport them down to southern Mesopotamia as 
fluvial sediment loads. As a result, it is obvious that the detrital palygorskite is supplied to 
the study area and northern Gulf not only by aeolian sources, but also by alluvial sources. 
In the sediments studied, authigenic palygorskite is usually associated with dolomite and 
gypsum (Fig. 3), reflecting hypersaline, alkaline pH and Mg-rich environments of 
formation, particularly within the Holocene sediments. These conditions characterize the 
southwestern parts of the brackish Hammar lake and the surrounding marshes. Such 
evaporitic or lacustrine sediments and associated calcareous soils provide favourable 
environments for palygorskite formation, particularly in arid areas (Singer, 1984). 
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Miocene evaporitic sequence of the southern 
Mesopotamian Basin 
A. A. M. Aqrawi* 
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Lithoiogical analysis of the Lower Pars Formation in southern Iraq was carried out through the 
study of cuttings and cores, where available, and electric logs of 26 selected boreholes. The 
formation exhibits a complex repetition of various lithofacies, namely, limestone, dolomite, 
anhydrite/gypsum, halite, marl and siliciclastics. Four depositional cycles, with different 
thicknesses, were identified in the study area. The depositional environment of the formation is 
reconstructed as being a semi-closed marginal basin dominated by saline tidal flats receiving 
siliciclastic sediments. More than one Recent sabkha type could be the analogue of the studied 
sequence. 
Keywords: Miocene evaporites; Mesopotamian Basin; sabkhas; subaqueous evaporite formation 
Introduction 
Several detailed geological, sedimentological and 
stratigraphic studies have been carried out on the 
Lower Pars Formation in northern Iraq (e.g. Shawkat 
and Tucker, 1978; Ibrahim, 1979). However, the 
present work is the first regional sedimentological study 
of the formation in southern Iraq. 
The Lower Pars Pormation is considered to be one of 
the major evaporitic sequences in the geological 
column of the Middle East. It is very thick and 
extensive, covering large areas of Iran, Iraq and Syria. 
It belongs to the Pars Group as named by Busk and 
Mayo in 1918 (cited by Owen and Nasr, 1958). The well 
Nahr Umer No. 1 in south-eastern Iraq was considered 
as the type section of the formation by Owen and Nasr 
(1958). Aqrawi etal. (in press) suggested an alternative 
type locality, the well Nahr Umer No. 3 (borehole 12 in 
Figure 1) in the same oilfield, because of the lack of 
data from the original well. The Lower Pars is an 
important formation economically because it is the 
caprock to some of the major oilfields in Iraq, and also 
contains major reserves of native sulphur. 
The age of the Lower Pars Pormation ranges from 
the Early to Middle Miocene (e.g. Van Bellen et al., 
1959; Buday, 1980), and is diachronous ranging from 
Lower Miocene in south-west Iran, to Middle Miocene 
in central and north-west Iraq, and possibly to Upper 
Miocene in north-east Syria (James and Wynd, 1965; 
Purser, 1980; Shawkat and Tucker, 1978). Al-Hashimi 
and Amer (1985) have suggested a late Middle Miocene 
age for the formation in northern Iraq based on 
palaeontological analysis. 
The present study addresses the question of Lower 
Pars deposition in southern Iraq based on analysis of 
stratigraphic • and sedimentologic data. Purthermore, 
' P resen t address: Department of Geology, Royal School of Mines, 
Imperial College of Science. Technology and Medicine, Prince 
Consort Road. London SW7 2BP, UK 
the interpretation of the lithoiogical facies, i.e. cycles of 
siliciclastics - evaporites - carbonates, based on the 
sabkha model, provides a better palaeogeographical 
explanation than the classic barred-basin evaporite 
model (Sloss, 1969). 
Materials and methods 
The first problem that had to be faced in this study 
was the lack of materials, particularly core samples. 
This is probably due to the non-commercial nature 
of the petroleum reserves in this group, although the 
formation was the first pay zone in the first drilled 
oilfield in the area. 
Twenty-six regionally distributed boreholes were 
selected for this study {Figure 1). Cores and cuttings 
were collected from 10 boreholes. The others were 
studied using Schlumberger logs, notably the 
spontaneous potential (SP), gamma ray (GR) and sonic 
(S) logs. Petrological analyses were carried out on 
more than 600 samples and more than 300 thin-sections 
using a hand lens and stereoscopic and polarizing 
microscopes. X-ray diffraction (XRD) was used to 
determine the mineralogy of more than 100 samples. 
Stratigraphy and stratigraphic subdivision 
Most stratigraphic studies of the Lower Pars Pormation 
have been carried out in northern Iraq because of the 
extensive outcrops there (Dunnington, 1958; Stocklin, 
1968; Ibrahim, 1979). Buday (1980) considered the 
formation in Iraq to be a complete transgressive-
regressive depositional cycle. The formation rests dis-
conformably on the Jeribe Pormation (Lower Miocene) 
in the northern part of the study area and conformably 
on the Ghar Pormation (Lower Miocene) in the south-
ern part. The upper contact is gradational with both the 
Upper Pars Pormation in the north and the Dibddiba 
Formation in the south, both of which are of Upper 
Miocene to Pliocene age. The thickness of the forma-
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Figure 1 Isopach map of the Lower Pars Formation in southern Iraq (thickness in metres) showing the location of boreholes [(•) 
borehole studied by logs only, «s)) borehole studied by logs and samples] and the traverse of the stratigraphic cross-section in Figures 
which Is between boreholes 4, 6, 12 (i.e. NU-3, type locality) and 14 
tion reaches more than 900 m in the depocentre in the 
Amarah area, and thins towards its margin in the west. 
This variation may have been controlled by basement 
fault movements, especially in the unstable shelf pro-
vince of southern Mesopotamia (Shawkat and Tucker, 
1978). 
The name and the type section of the formation in 
Iran were changed to Gachsaran after the Gachsaran 
oilfield in Pars Province (James and Wynd. 1965). 
Shawkat and Tucker (1978) also suggested a revision of 
the term Lower Pars in Iraq to Gachsaran. following 
the stratigraphic guide of Hedberg (1976), because it is 
simply the lateral continuation of the Gachsaran in 
Iraq. Jassim et al. (1984) changed the name Lower Pars 
in Iraq to the Al-Patha Pormation and proposed the 
Patha area (Hemrin and Makhul anticlines) as the type 
locality in Iraq. The two names have gained no 
popularity in published work. 
Aqrawi el al. (in press) divided the formation into 
three units (members) in southern Iraq {Figure 2), a 
classification which proved to be regionally consistent 
(Figure 3). 
Unit A 
The upper unit is mainly siliciclastic sediments and 
marls. It is differentiated from the overlying formation 
(i.e. the Upper Pars or Dibddiba Pormation) by the 
appearance of gypsiferous sandy marl and laminated 
muds (Al-Siddiki, 1978). It occurs mainly in the 
south-west and pinches out towards the north-east. 
This distribution pattern could be produced from 
sabkhas dominated by terrigenous sediments carried by 
fluvial systems and aeolian fallouts comparable with the 
Recent estuarine sabkhas of southern Mesopotamia 
(Aqrawi and Sadooni. 1988; Baltzer and Purser, 1990). 
UnitB 
The middle unit starts down well with the appearance 
of the carbonate beds, which are normally interbedded 
with anhydrite/gypsum, marl and siliciclastics. This unit 
is the thickest (i.e. 100-400 m) and consists of four 
repeated sabkha cycles. The cycles are, namely, marl-
anhydrite, marl-limestone-anhydrite, siliciclastic-
anhydrite and limestone-anhydrite. It is areally exten-
sive and thought to have been produced by the pro-
gradation of supratidal over intertidal and subtidal-
lagoonal sediments (Aqrawi et al., in press). Closely 
similar cycles were reported in northern Iraq (Shawkat 
and Tucker. 1978). In addition, several halite beds, of 
variable thickness (1-20 m), are situated within the 
middle unit, especially in the Amarah area. 
Unit C 
The lower unit is mainly limestone with anhydrite beds 
and some marls. This unit is up to 100 m thick and 
mainly restricted to the eastern parts of the area and 
disappears to the west. Limestone beds are usually 
thick and are pelletal. oolitic and shelly in nature, and 
have a good porosity. 
Facies analysis 
The principal lithologies present in the Lower Pars 
Pormation are: (a) limestone and dolomite, (b) 
anhydrite/gypsum, (c) halite and (d) siliciclastic 
sediments and marl. 
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Figure 2 Suggested new type locality, well Nahr Umer No. 3 
(borehole No. 12 In Figure 1), of the Lower Pars Formation in 
southern Iraq (after Aqrawi et at., 1989) showing the main 
lithological units (A, B and C) 
Limestone and dolomite 
Limestone occurs as beds 1 m up to a few metres thick 
in the middle unit B and may reach more than 20 m in 
unit C. The limestones are mainly pelooidal-
fossiliferous mudstones and wackestones with acces-
sory packstones and grainstones. Peloids are the most 
common non-skeletal allochems with scattered ooids 
and oncoids. Common skeletal components include 
A. M. Aqrawi 
fragments of pelecypods, gastropods and ostracods. 
Benthic foraminifera such as milliolids, rotalids, textu-
larids, peneroplids and elphidium are also common. In 
addition, echinoids and crustaceans are present. 
Stromatolites and laminated cryptalgal laminates occur 
in many other limestones. Shawkat and Tucker (1978) 
described domed columner stromatolites in the Lower 
Pars Formation in northern Iraq, but in the study area 
laminated cryptalgal stromatolites are the most com-
mon {Figure 4). 
Some limestones are partly or completely dolomi-
tized. The dolomite consists of microrhombohedra (i.e. 
aphanitic texture) and occurs mainly in the muddy 
stromatolitic and peloida! lithofacies. Dolomite is a 
common lithotype and occurs as zones within sabkha 
cycles or thick beds of limestone. It has been developed 
due to the effect of saline water (e.g. Illing et al., 1965; 
Muller et al., 1990) during and soon after the deposition 
of carbonates and evaporites. 
From comparison with the standard microfacies 
model (SMF) of Wilson (1975), as modified by Fliigel 
(1982), nine microfacies identified with their likely 
environments of deposition are given in Table 1: 
lagoonal for peloidal and bioclastic fossiliferous mud-
stones, wackestones and packstones (i.e. pel and bio-
micrite facies); subtidal, relatively agitated conditions 
for peloidal bioclastic grainstone facies; intertidal for 
fossiliferous mudstone facies; and supratidal for some 
dolomitic and evaporitic mudstone facies. Ibrahim 
(1979), working in the Kirkuk and Fatha areas of 
northern Iraq, interpreted a supratidal-lagoonal de-
positional environment for the Lower Fars Formation 
and regarded a major coral reef complex, which consti-
tutes the Jeribe Formation, as the lateral equivalent of 
the Lower Fars Formation towards the east. The same 
assumption could be applied to southern Mesopotamia 
depending upon the stratigraphic relationships and 
lithological analysis. 
Anhyd rite!gypsum 
Anhydrite/gypsum beds range from less than 1 m to a 
few metres in thickness. Most of the sulphate consists 
of anhydrite with nodular and laminar textures. In the 
near surface anhydrite has been hydrated to gypsum by 
meteoric water. Anhydrite nodules range from 1 to 
10 cm across and are usually surrounded by clay seams, 
or carbonate matrix and organic matter. Some of the 
nodular and enterolithic anhydrites {Figure 5) show 
similarities to sabkha anhydrites which are precipitating 
within the supratidal (sabkha) sediments of many 
coastal areas in the Middle East (for details, see 
Shearman, 1966; 1978; Butler, 1970; Butler e/a/., 1982; 
Perthuisot, 1975; Friedman and Krumbein, 1985). 
Some anhydrite beds are believed to be of shallow 
subaqueous origin (e.g. Dean et al., 1975; Purser, 
1985), especially those sandwiched between thick 
limestone beds or associated with thick halite beds, 
particularly in the main depocentre. All occurrences of 
nodular anhydrite are syndepositional in origin 
(Shearman, 1991, personal communication), although 
in many instances it might be replaced by primary 
gypsum [e.g. Rauchy (1980), the Miocene evaporites of 
Spain and Sicily]. These anhydrite beds are mainly 
restricted in the lower unit (C) and lower parts of the 
middle unit (B). The continuity of the laminae in the 
sulphates and their thickening towards the basin centre 
may support a subaqueous origin for these beds, in 
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Figure 3 Stratigraphic section across the depo-axis of the south-eastern part of the study area, showing the regional distribution of the 
stratigraphic units A, B and C (for detailed lithology, see Figure 2 of borehole 12, the type locality: Nahr Umer-3) 
shallow lagoonal situations, towards the basin centre or 
in isolated back-sabkha lagoons (Leeder and Zaidan, 
1977). However, any isolated depression, which 
periodically has standing water, may be the site of 
subaquatic evaporite formation (Purser, 1985). 
Petrographically the anhydrite exhibits a felted 
fabric. Gypsum occurs as coarse to fine crystals and less 
commonly in a fibrous form. Some of the gypsum is 
secondary in origin, formed by hydration of felty 
anhydrites to porphyroblastic and alabastrine gypsum. 
However, the development of primary gypsum and 
anhydrite depends mainly on calcium sulphate 
concentrations. Although gypsum forms during the 
early stages of concentration, anhydrite is not 
generated until high concentrations are achieved 
(Butler, 1970; Butler et a!., 1982; Selley, 1982). As 
a result much of the anhydrite could be a secondary 
replacement of metastable gypsum (Butler et al., 1982). 
Halite 
Most of the halite deposits are restricted to the central 
part of the basin in Unit B. Many beds are present in 
the borehole sections of the Amarah area and are not 
widespread; most are 1 -2 m thick and intercalated 
with limestone and anhydrite. A few salt layers are 
continuous and over 10 m thick. 
Owing to the lack of detailed information on halite 
deposits of the Lower Pars Formation and as no 
samples of halite were provided for this study, it is 
difficult to deduce their depositional environment. 
However, the precipitation of halite can take place 
Table 1 Microfacies in the limestone beds of the Lower Pars 
Formation and their possible subenvironments of deposition 
Figure 4 Anhydrite with enterolithic structure overlying 
dolomitized mudstone with birdseye structures (scale in 
centimetres) 
Microfacies Depositional subenvironment 
Fossiliferous wackestone 
Bioclastic wackestone 
Packstone-wackestone with 
coated and reworked bioclasts 
Pelletal grainstone 
Foraminiferal grainstone 
Laminated mudstone-
wackestone 
Algal stromatolite mudstone 
Fossiliferous packstone 
Evaporitic mudstone 
Shelf lagoon with open 
circulation of quiet water 
Shallow water of open 
circulation 
Shoals down to quiet waters 
in lagoons 
Shallow water with moderate 
circulation 
Tidal bars and channels of 
lagoons 
Very restricted bays and 
lagoons 
Intertidal zone 
Subtidal zone 
Sabkhas (hypersaline tidal 
ponds) 
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Figure 5 Anhydrite nodules in carbonate groundmass (a), and 
anhydrite nodules overlaid by dessication cracked muddy 
sandstone reflecting the marginal sabkha fades of marine 
evaporitic and subaerial detrital deposits (b) 
in both subaqueous shallow or deep marine 
environments. The presence of polyhalite in the salt of 
the Lower Pars (Stocklin, 1968) suggests deposition in a 
dessicated basin during partial isolation from the open 
ocean (Shawkat and Tucker, 1978). This is probably 
the most reasonable interpretation of the halite 
concentration at the basin centre. However, some of 
the thin halite beds within the middle unit, associated 
with other sabkha sediments, may have been formed in 
brine ponds or subaerial sabkhas as in present day arid 
supratidal areas. Some large lenses of halite, overlain 
by anhydrite and gypsum, have been deposited in 
coastal salinas developed in areas of differential 
subsidence (Selley, 1982). The last mechanism may 
have played an important part along the centre of the 
depositional basin of the Lower Pars Basin. Many 
Recent sabkhas in the Middle East (except Abu Dhabi) 
have originated by this mechanism [see Purser (1985) 
for details]. 
Siliciclastic sediments and marls 
Most of the siliciclastic sediments occur within units A 
and B. A subaerial to shallow marine origin is proposed 
for the clays, siltstones and sandstones, mainly as 
terrigenous sediment brought from the western uplifted 
area. The pre-existing sediments to the west of the 
A. M. Aqrawi 
Lower Pars depositional basin (Rutba-Hail arc) during 
Lower to Middle Miocene (Buday, 1980; 
Al-Mashadani, 1984) were probably the main source 
for the terrigenous clastics of the Lower Pars 
Formation. Ibrahim (1979) attributed some of the clay 
horizons within Unit A of the Lower Pars Formation in 
the Kirkuk-Patha area to an aeolian source (i.e. loess). 
A similar origin seems possible for some fine clastic 
sediments in the Lower Pars Formation of the studied 
area, especially on the western side (e.g. Luhais area in 
Figure 6). 
Marl beds occur mostly in the middle and lower units 
of the formation. Some marl beds are interpreted as 
deeper water storm layers, especially where they occur 
between thick limestone beds of subtidal and lagoonal 
facies in the lower unit. Whereas the other marl beds, 
which are mainly associated with evaporites in the 
middle unit, are readily interpreted using the sabkha 
concept, the final beds were mainly deposited by 
progradation of siliciclastic-dominated supratidal 
sediments over intertidal and subtidal sediments. The 
estuarine sabkhas of southern Mesopotamia (Purser et 
al., 1982; Aqrawi and Sadooni, 1988) in the 
north-western Arabian Gulf could be considered as the 
best Recent analogue for this marly evaporite in 
particular and the whole upper unit (unit A) in general. 
Depositional environment: discussion and 
conclusions 
Study of the Lower Pars Formation in southern Iraq 
reveals wide variations in depositional facies and 
thickness from the basin centre (Amarah area) towards 
its western margin {Figure 6). The main lithologies 
are: limestone, dolomite, anhydrite/gypsum, halite, 
siliciclastic sediments and marl. The Lower Pars basin 
extended for more than 1000 km, from south-west Iran 
along the Zagros strike into Iraq and Syria, and 
exceeded 150 km in width. The basin centre in the 
study area was restricted to the north-western part 
(Amarah area), where the thickness of the formation 
exceeds 900 m. This thickness wedges out towards the 
west and south-west (Luhais area) of southern 
Mesopotamia. The variation in thickness reflects the 
tectonic behaviour of the basin floor during the 
Miocene, which marked a major tectonic episode along 
the Zagros-Taurus fold belt (Al-Mashadani, 1984). 
Deposition was started by marine transgression 
which caused the deposition of the lower unit of the 
formation. This unit is composed of thick limestone 
beds (20 m) intercalated with anhydrite or marl beds. 
Marginal areas were covered by wide sabkha plains and 
were affected by fluvial and aeolian terrigenous 
sediments which resulted in the deposition of evaporitic 
siliciclastic sediments and marls. 
The reefal limestone of the Jeribi Formation is con-
sidered to be the distant eastern lateral equivalent of 
the Lower Pars Formation which separated the open 
ocean (Miocene Tethys) from the subtidal-lagoonal 
and supratidal environments of the Lower Pars 
(Ibrahim, 1979). Thick anhydrite beds between the 
limestone beds in unit C, and the lower parts of unit B 
associated with thick halite beds, could be subaqueous 
in origin. These evaporites might have been deposited 
subaqueously during the isolation of the basin from the 
open ocean. This period of deposition was followed by 
local transgressions and regressions, within the main 
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Figure 6 Triangular plot showing mineralogical composition of the Lower Pars sediments in southern Mesopotamia and the areal 
distribution of the main lithofacies in the study area 
regression phase, due to tectonic factors such as vertical 
block movements, and active plate movement in the 
Zagros-Tauros fold belt area during the Miocene. The 
deposition of unit B shows cyclicity with four cycles 
dominated by anhydrite, namely, siliciclastic-
anhydrite, marl-anhydrite, marl-limestone-anhydrite 
and limestone-anhydrite, with different thicknesses 
and repetition in the studied boreholes. The cycles 
could be interpreted as sabkha progradation, involving 
sihciclastics, carbonate and evaporite sediments. The 
nature of the cycles is controlled by terrigenous clastic 
sediments towards the upper parts of unit B. Whereas 
the upper unit is mainly of clastic sediments, gypsifer-
ous laminated mud and marl indicating the end of the 
marine regression resulted in a conformable contact 
with the overlying formation of continental origin (i.e. 
Dibddiba or Upper Pars Formation). 
As a result of analyses of the depositional history, a 
St rat ig raphic Units 
sw 
50Km 
Figure 7 Schematic block diagram across the study area (SW-NE), showing the depositional model of Lower Pars Pormation during 
the Miocene in southern Mesopotamia 
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depositional model has been reconstructed in southern 
Mesopotamina (Figure 7). This simplified model 
considers a semi-closed, arid and shallow epi-
continental marginal sea as the main depositional basin 
of the formation. The evaporitic sequence had been 
formed through a long complicated history of different 
sabkha types. Many Recent sabkha analogues might be 
compared with these sabkhas such as the sabkha el 
Meleh of the Tunisia coast (Perthuisot, 1975), the 
Gavish sabkha of the northern Red Sea (Friedman and 
Krumbein, 1985) and another type of sabkha affected 
by alluvial influxes such as the estuarine sabkha of 
the Shatt Al-Arab delta region and Khor Al-Zubair 
(Purser et al., 1982; Purser, 1985; Al-Azzawi, 1986; 
Aqrawi and Sadooni, 1987; 1988). This study suggests 
that all types played a part in the deposition of the 
Lower Pars. 
The main conclusion of this study is that several types 
of sabkha evaporites can be found in the same basin, 
especially if it is as wide as the Lower Pars basin. The 
sediments, in addition to the evaporite, could be 
supplied by detritals of both aeolian fallout and fluvial 
influxes during some stages of deposition such as in all 
Recent sabkhas (e.g. Shinn, 1973). Also within the 
same evaporitic sequence, subaqueous evaporites may 
occur together with the sabkha-type evaporites. The 
subaqueous evaporites often grade upwards into 
sabkha-type evaporites (e.g. Perthuisot, 1975; Purser, 
1985). Future detailed sedimentological and geo-
chemical work on the Lower Pars Formation and 
the Jeribe Formation along the whole Mesopotamian 
basin may provide another ideal Miocene example of 
such a palaeo-evaporitic-reefal sequence, similar to 
that described by Monty et al. (1987) from Gulf of Suez 
and the Red Sea. 
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